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NTIL less than 15 years ago, intracranial aneurysms were of 

little more than pathologic interest. Hundreds of these lesions 
were discovered, reported, and properly classified by pathologists 
as to anatomic location; but probably the great majority was over- 
looked in the massive blood clot in which these oftentimes tiny, thin 
walled aneurysms are imbedded. Indeed, the accurate identifica- 
tion and determination of the site of origin of these lesions may 
still tax the skill of the most experienced observer. More difficult 
yet is the unravelling of the pattern of the usual complicated con- 
genital arteriovenous aneurysm, with its multiple communications, 
complex vascular arrangement, and grotesque deformities. 


It is not surprising that the surgeon had little appetite for at- 
tempting direct specific treatment of these deeply hidden, relatively 
inaccessible lesions, when one considers the difficulty in accurate 
diagnosis and localization and the hazard of hemorrhage when they 
are surgically exposed. It is little wonder that the surgeon, until 
only recently, has been satisfied to use the “hit or miss” ligation of 
the carotid for all intracranial aneurysms, if the diagnosis seemed 
probable and the site of the lesion could be suspected. While 
isolated instances of a direct attack on intracranial aneurysms were 
recorded, it was not until Walter Dandy wrote his classical mono- 
graph, Intracranial Arterial Aneurysms,’ on this subject that the 
neurosurgeons became interested and aware of their surgical pos- 
sibilities and entered wholeheartedly into the solution of this prob- 
lem. To be sure, no promising approach to the cure of intracranial 
aneurysm was possible until neurosurgery became of mature age. 


From the Neurosurgical Services of Jefferson Medical College and Hospital and 
Wills Eye Hospital. 

Read before the sixteenth annual Postgraduate Surgical Assembly of The South- 
eastern Surgical Congress, Hollywood, Fla., April 5-8, 1948. as 
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206 THE SOUTHERN SURGEON | 
The next step in the specific curing of these lesions lies in the recog- 
nition of the symptoms of intracranial aneurysms by the surgical 
profession, and a clear understanding of the surgical principles un- 

derlying their treatment. 


we DEFINITION OF ANEURYSMS UNDER DISCUSSION 


An aneurysm is, by definition, ‘‘a circumscribed dilatation of the 
walls of an artery.’ Therefore, this presentation has to do with 
intracranial arterial dilatations and no consideration will be given 
to the many other pathologic lesions of the arterial, venous, and 
capillary systems. Under the above definition of aneurysm are in- 
cluded: (1) all of the dilatations of the arteries to the cranial wall 
and its contents (brain and its coverings); (2) the arteriovenous 
fistula occurring when the internal carotid ruptures into caver- 
nous sinus; and (3) the multiple congenital arteriov enous commu- 
nications (racemose aneurysm) of the brain. 


FREQUENCY OF INTRACRANIAL ANEURYSMS 


Our information as to the probable frequency of these lesions 
can only be approximated from necropsy reports. Martland? states 
that rupture of an intracranial aneurysm accounts for 2 per cent of 
all sudden natural deaths as found by post mortem examination. 
Moritz and Zamcheck* recently reported on the cause of sudden 
non-accidental, non-combat death in apparently healthy soldiers 
from the Army Institute of Pathology. In 1,000 cases investigated, 
69 died from ruptured intracranial aneurysm, a 6.9 percentage. 
Investigators of past years on this subject, too numerous to men- 
tion, have pointed to the common occurrence of ruptured aneurysm 
in cases of so-called ‘‘spontaneous subarachnoid hemorrhage,” until 
now it is generally recognized that an aneurysm is, in most cases, 
the cause for such hemorrhages. Hamby,* who most recently has 
emphasized the close association of intracranial aneurysm with 
subarachnoid hemorrhage, reports the finding of ruptured aneu- 
rysms in 44 of 47 patients with spontaneous subarachnoid hemor- 
rhage. The frequency of intracranial aneurysm as the cause for 

_ sudden spontaneous hemorrhage of the cranial cavity, for all age 
groups, can no longer be questioned. 
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Carotip CAVERNOUS ANEURYSM (PULSATING EXOPHTHALMOS) 

The fundamental pathologic arrangement of this lesion is quite 
constant, and one case differs from another only because of the size 
of the arterial fistula and its duration. Only in this unique anatomic 
arrangement, whereby the carotid artery actually passes through 
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the cavernous sinus, can such a mechanism in the formation of a 
fistula occur. Fracture of the base of the skull through the carotid 
canal with a resulting tear into the carotid is the most common cause 
of this deformity. The rupture of an aneurysm of the carotid at its 
intracavernous portion is also a common cause and such an accident 
is usually in elderly persons and is arteriosclerotic in origin. 


To understand the principles underlying the treatment of this 
fistula and its life history, it is necessary to observe and take cog- 
nizance of the tremendous development of all the arteries in the 
anatomic parts near the fistula. This development, of course, is 
greatest in a large fistula and may be negligible in small ones. In a 
large fistula, the proximal end of the internal carotid empties its 
entire contents into the cavernous sinus, and the intracranial por- 
tion of the carotid reverses its circulation, through the circle of 
Willis, to feed the opening. The carotid, when exposed intracra- 
nially, may be found to be several times its normal size in response 
to the fistula’s requirements for more and more arterial blood. This 
reversal of flow and gradual increase in size extends to many tiny 
arteries which ordinarily pass from the internal carotid in the 
carotid canal, and explains why it is impossible permanently to cure 
a carotid-cavernous fistula by ligations intracranially and in the 
neck. These arterial branches exist as five branches coming from 
the internal carotid, the largest being the ophthalmic, [ (1) cortico- 
tympanic, (2) cavernous, (3) hypophyseal, (4) meningeal, and 
(5) ophthalmic branches]. This dilatation of the arterial supply 
to the fistula extends to some extent to every artery of the head 
and neck. 

The symptoms of this disorder depend entirely on the size of 
the carotid opening. Small communications may attract attention 
by only a head noise synchronous with the heart beat, and a slight 
protrusion of the eyeball. Large openings cause marked protrusion 
and fixation of the eyeball (or even of both eyeballs), extraocular 
muscle palsies with ptosis of the upper eyelid, dilatation of the 
pupil, marked pulsation that is easily palpable, congestion and 
edema of the conjunctiva and retina, and a loud bruit over the eye- 
ball. Pain is not a prominent feature of this lesion but anesthesia 
of the cornea and a gradual loss of vision may occur. Temporary 
digital occlusion of the carotid in the neck stops the bruit and pulsa- 
tion. Injection of the carotid with thorotrast (this material 
to be preferred to diotrast or sodium iodide) will show all the dye 
passing into the cavernous sinus, and only when the fistula is small 
will any of the material be visualized in the cerebral vessels. 

The treatment of a carotid-cavernous fistula 1 may well be delay ed 
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during the early stages of the disorder if the patient is conidial, 

the deformity is not unsightly, and vision is not jeopardized. The 
fistula usually gradually enlarges and an unsightly appearance de- 
velops, but seldom are they dangerous as to life from cardiac en- 
largement or vascular rupture. Spontaneous cures in small fistulae 
are not unknown, but probably most so-called “cures” are not actual 
and later show evidence of a still persisting communication. 


The specific cure must be directed toward blocking the opening — 
between the artery and the vein. Brooks’ apparently attempted — 
direct closure of two carotid-cavernous fistulae by introducing a_ 
strand of muscle into the internal carotid as an embolus. Presum- 
ably, both cases were cured of the communication, but both devel- _ 
oped symptoms of unilateral cerebral anemia following the opera- — 
tion. This procedure, while directed at a specific cure by directly 
plugging the carotid-cavernous opening, would appear to be too | 
dangerous to be advocated because of the probability of cerebral 
emboli. These 2 cases of Brooks’ were unknown to me when, more 
than seven years ago, I treated a patient by a similar procedure, 
but only after clipping the carotid intracranially prior to inser-— 
tion of the muscle embolus. This absolutely prevents the em-— 
bolus, or any portion of it, from being washed into the cerebral | 
vessels and would be entirely safe in this respect. This patient was — 
a 12 year old boy who suffered a fracture of the skull followed by 
the dev elopment of a typical pulsating exophthalmos with marked ; 
impairment of vision and fixation of the eyeball. Another surgeon | 
had ligated the common carotid with only slight lessening of the 
bruit and pulsation and no recovery of the eye disorders. Cra- 
niotomy was performed and a silver clip was easily placed on the | 
internal carotid as it entered the cranial cavity. The bruit and 
pulsation persisted, apparently from reverse flow through the ex- 
ternal carotid and vessels of the carotid canal. Later the internal — 
carotid was exposed and a muscle embolus, to which was attached 
a silver clip for x-ray identification, was introduced into its lumen. 
The reverse flow of blood through the external carotid, aided by a_ 
small ureteral catheter, propelled the embolus to the fistula. This 
was later confirmed by x-ray identification of the silver clip at the 
carotid-cavernous opening. This patient was immediately and com- 
pletely cured and when recently seen (seven years after the opera- 
tion) he showed no signs of his previous trouble. So far as I know, 
this is the first attempt to use this method and this case has now 
gone long enough to claim a permanent cure. Six months ago a 
second case was treated in a similar fashion, but it is too recent to 
claim a cure, although there are now no signs of the lesion being 


active. 
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The treatment given in the two afore-mentioned cases would 
seem to be the only complete specific approach to the cure of large 
carotid-cavernous fistulae. Caution must be used in all cases where 
ligation is to be performed on the carotid arteries. Temporary 


Fig. 1. Carotid-cavernous Aneurysm Fig. 1. Carotid-cavernous Aneurysm 

(a) Before operatior Note exophthal- (b) Same patient after six months fol- 

mic edematous eye in danger of corneal lowing gradual ligation of the common 

ulceration. Bruit was annoying and carotid with an aluminum band. The 

there was severe periorbital pain. bruit was entirely gone and the patient 
symptom-free. 


digital occlusion of the internal carotid for 15 minutes or more is 
not a reliable test of a patient’s tolerance to carotid ligation. In- 
deed, symptoms of cerebral anemia (stupor, coma, and hemipa- 
resis) may develop even after as long as four days following liga- 
tion. Temporary occlusion of the common carotid artery by an 
aluminum or fascial band should always precede, by several days, 
any ligation of the internal carotid. This is particularly important 
in the aged arteriosclerotic group of patients. In the older patients 
it may be necessary to be content with an incomplete cure, produced 
by simple ligation of the common carotid artery performed cau- 
tiously in. stages by gradually closing an aluminum band (fig. 1). 


CONGENITAL ARTERIOVENOUS COMMUNICATIONS OF THE BRAIN 


This lesion is characterized fundamentally by the lack of develop- 
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ment of a capillary system between the arteries and veins of the 
brain. In the brain it is always congenital in origin and represents 
a malformation of the normal vascular pattern. Grossly, the lesion 
appears as a serpentine coiling of arteries, veins, arterioles, and 
venules, which usually involve a considerable portion of the brain 
and frequently covering or infiltrating as much as one-third of the 
cerebral hemisphere. Its appearance has given rise to the terms 
applied to it, such as “‘circoid,” ‘‘racemose,” “‘plexiform,” and “‘ser- 
pentine’’ aneurysm. When exposed at operation, one is struck with 
the many coils of greatly enlarged veins which pulsate with each 
spurt of arterial blood directly into them. The arteries to the mass" 
of coiled vessels are tortuous and enlarged in response to the call 
for more and more blood to feed the communications which are 
always multiple. Closer inspection of the lesion reveals arteries of — 
some size emptying directly into veins, and the veins themselves — 
distended to produce a varix, at times more than an inch in diam- | 
eter. Telangiectatic vessels may be found in conjunction with the 
vessel abnormalities described. 

Usually these malformations are found accidentally in the course 
of an intracranial exploration where a tumor mass is suspected. 
They commonly form in the branches of the middle cerebral artery — 
and cause localized convulsions. Less often a midline position will 
cause obstruction of the third ventricle or aqueduct, which gives — 
rise to enlargement of the head in children, vomiting, and headache 
from obstructive hydrocephalus. Hemorrhage from rupture of one 
of the distended vessels is common with a resulting hemiplegia, 
stupor, and death from intracranial pressure. If the patient sur- 
vives the acute stage of the rupture then there develop the usual 
symptoms of spontaneous subarachnoid hemorrhage with headache, 
stiffness of the neck and legs, and nausea. 


If the lesion is suspected, as it might be from the finding of large 
pulsating carotids, it can be demonstrated by arteriography. Pneu- 
moencephalography or ventriculography will give a picture much 
like any space-taking lesion. The surgical cure of this lesion is at 
present impossible because of the many arteries supplying the mass 
and the danger of dissecting around the many thin-walled veins 
which are under arterial pressure. Presumably, one may occa- 
sionally be found with only a few supplying arteries in an accessible 
location that might be successfully treated, but as yet no such sur- 
gical cure has been reported.* 


The difficulty is further emphasized by two cases on which I 
*Since writing this article, the author has cured an arteriovenous aneurysm of the 


brain by clipping the middle cerebral artery, which was.the only arterial supply to 
the lesion. 
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attempted surgical treatment and which ultimately at necropsy 
were found to have bilateral lesions similar to each other on 
either side of the brain, and lending proof to the impression that 
these lesions are congenital in origin.** Where one of these com- 
munications is known to be present in the vascular distribution of 
the carotid artery to the brain, then the ligation of this vessel in 
the neck seemingly improves the patient’s condition and should be 
done. In fact, in one of my patients I subsequently ligated the 
second internal carotid artery with benefit to the patient. This 
could only be done in the presence of an arteriovenous aneurysm 
inside the skull because of the tremendous increase of the arterial 
How through the vertebral arteries which furnish an adequate 
supply of blood for the brain’s needs. Bilateral ligation of the 
internal carotids can hardly be possible under any other circum- 
stance. 


<i 
an ARTERIAL ANEURYSM OF THE CRANIAL CAVITY 
_ This group of aneurysms is by far the commonest of the abnor- 
mal vascular enlargements to infest the cranial cavity. Fortunately, 
our present knowledge of their symptoms makes the diagnosis of 
their presence and location possible and the surgical treatment suc- 
cessful in many instances. Formerly, the ultimate mortality in this 
group of aneurysms was practically 100 per cent. The customary 
mortality in hospital admissions has been near 50 per cent with one 
single episode of hemorrhage from their rupture, and when a second 
rupture occurs—and this is common in from one to three weeks 
after the first—the mortality jumps to 75 per cent. While many 
survive a rupture with the first attack and live in apparent comfort 
for many years, it is probable that few live out their expectancy 
when rupture has once occurred. These aneurysms are usually 
small in size and lie silently until they rupture, then they cause the 
classical signs of acute spontaneous subarachnoid hemorrhage; in 
fact, it is now known that this clinical entity is nothing more than 
the symptoms of a ruptured aneurysm in most instances, where the 
hemorrhage occurs in the absence of hypertensive disease or arterio- 
sclerosis in aged persons. 

Pathologically the lesions vary in size from less than one half a 
centimeter to several centimeters, many of them at rupture being 
the size of a pea or slightly larger, giving rise to the term applied 
to them of “berry” aneurysms. They are known to be caused by 
the organisms of rheumatic heart disease (micotic aneurysms), 
arteriosclerosis, and as congenital malformation. Seldom is syphilis 
a factor in the development of intracranial aneurysm, although it 
may be an incidental finding and occasionally the causative factor. 
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Aneurysm at the base of the skull in the carotid canal makes _ 
known its presence by intense pain in, around, and behind the eye. 
This is because the enlargement presses tightly against parts of the 
fifth cranial nerve. Later, paralysis of the extraocular muscles takes _ 
place with ptosis of the upper lid and ophthalmoplegia, and if it 

presses hard against the optic nerve then blindness sets in. 


Fig. 2. (a) Patient with aneurysm of 

internal carotid at its entrance to cra- Fig. 2. (b) Showing complete ptosis of 
nial cavity, with severe orbital pain. upper eyelid. 

There is also a dilated pupil, and turn- 

ing out of the eyeball. 


Aneurysms from the first part of the intracranial portion of the _ 
internal carotid are usually sacculated and are among the commonest 
to be found in the skull. When small in size they may cause no symp- 
toms until they rupture; then the patient complains of intense pain 
in, above, and below the eye. Immediately, or several days later, | 
the upper lid drops, the eyeball turns out and the pupil dilates (these 
are signs of third cranial nerve paralysis caused by pressure of the 
clot against this nerve) (fig. 2, a and b). If the hemorrhage is ; 
massive, the patient has intense generalized headache and vomiting > 
and later develops stiffness of the neck and legs (symptoms of spon- 
taneous subarachnoid hemorrhage). Paralysis of the other extra- 
ocular nerves may occur with corneal anesthesia and blindness from 
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pressure against the optic nerve. These last two symptoms are un-_ 
common, however. 

Aneurysms of the middle cerebral artery may cause a sudden | 
paralysis with rupture, but they may enlarge slowly instead, and to | 
such a size as to produce localized convulsions and even hemiparesis. — 
These aneurysms often reach the size of a hen’s egg. 


Aneurysms of the posterior and anterior cerebral arteries are— 
not apt to cause symptoms until rupture occurs; then there are 
usually only the general symptoms of spontaneous subarachnoid | 
hemorrhage. With those in the posterior fossa there is marked 
nystagmus with intense dizziness when the aneurysm ruptures. 


Fusiform aneurysms may be so elongated and fusiform as to _ 
cause symptoms from pressure against neighboring nerves; thus, 
blindness occurs from pressure against the optic nerves by a carotid 
aneurysm and tic douloureux is frequently caused by such an aneu- | 
rysm of the basilar artery pressing against the root of the fifth _ 
cranial nerve where it leaves the pons. oa 7 


Fig. 3. Aneurysm of the internal carotid artery demon- 
strated by injecting the carotid in the neck with thoro-— 
trast. 

If calcified, these aneurysms can be recognized by the plain x-ray 
examination, but most of them must be demonstrated by injecting 
the internal cartoid artery with thorotrast. However, if the aneu- 
rysm is on the vertebral, posterior cerebral, or basilar artery, then 
the vertebral artery must be injected in the neck to fill these vessels. 
Arteriography gives valuable evidence of the size and exact location 
of the aneurysm and is to be done in every case of spontaneous 
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subarachnoid hemorrhage and as a preliminary to the surgical ap- 
proach to these lesions (fig. 3). 


> TREATMENT OF ANEURYSM OF THE CEREBRAL ARTERIES 


Since about 50 per cent of all aneurysm cases admitted to the 
hospital in the first attack of hemorrhage will die before discharge, 
if not treated, it is mandatory that appropriate surgical therapy 
start immediately on seeing the patient. Delay and expectant treat- 
ment can only add to the risk of a fatal issue. A fairly large per- 
centage of ruptured aneurysm cases show neurologic evidence of 
the probable location of the lesion. 


It is usually desirable to demonstrate all aneurysmal abnormali- 
ties by the intracarotid injection of a radiation contrast medium 
(arteriography). This procedure is carried out under sedation and 
local anesthesia, either by injecting the medium into the internal 
carotid through the unopened skin or under direct vision after dis- 
section of the carotid fork. 


The first method at the present time appears too unreliable for — 
the cautious surgeon. The entire carotid fork with the superior 
thyroid artery is dissected free and the carotid body and its nerve 
fiber connections are removed to prevent intracranial vascular 
spasm. The super ior thyroid artery is ligated as far out as possible 
and a canula is tied in and connected by rubber tubing to a 20 c.c. | 
syringe. The head is now arranged beneath the x-ray tube for 
lateral stereoscopic views. The external carotid, beyond the - 
perior thyroid, and the common carotid are ligated temporarily | 
with a broad, thick t tape. Eight to 10 c.c. of thorotrast are injected 
into the superior thyroid artery and the film is exposed at the exact 
moment the contrast medium has been injected. 


This technic does not damage the intima of the carotids and is a 
precautionary method of prevent needle puncture thrombi from. 
later being dislodged and migrating to the vulnerable middle cere- 
bral artery. A third film is taken in the anteroposterior view. The 
temporary ligatures are left in place and the patient’s state carefully 
observed for 30 minutes. The operator studies the films during 
this period to determine the probable line of action to be followed 
later. 


If the aneurysm should arise from the internal carotid in its canal 
in the base of the skull, then the internal carotid should be closed 
with an aluminum clip at once if the 30 minute ligation has pro- 
duced no serious effect. Digital pressure for 15 minutes or even 
temporary ligation of the internal carotid for 30 minutes are not 
true tests for adequacy of the remaining cerebral vessels. Other 
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aneurysms may, for technical reasons, necessitate temporary or per- 
manent ligation of the internal carotid. 


The above diagnostic examination is advisable only when it is 
obvious that the aneurysm is on the internal carotid or one of its 
branches. If there are dizziness and signs of pressure against the 
fifth, sixth, seventh, eighth, ninth, tenth, eleventh, or twelfth cranial 
nerves, then the aneurysm is probably on either the vertebral or 
basilar arteries or their branches and injection of the carotid will 
not help locate the lesion. Injection of one vertebral artery with 
thorotrast will fill all the vessels coming off the basilar artery and 
may give exact information as to the location and size of the aneu- 
rysm. Given a spontaneous subarachnoid hemorrhage without local- 
izing signs, both carotids and one vertebral artery should be injected 
with thorotrast in an attempt to locate the probable ruptured 
aneurysm. 


When the aneurysm has been definitely located, what should be 
the method of treatment? Since ligation of the carotid does not 
cut off the blood supply to an intracranial aneurysm, there is no 
assurance that it may not subsequently rupture, so wherever pos- 
sible, particularly in young persons, the aneurysm should be ap- 
proached directly by craniotomy and the vessel or vessels entering 
it should be ligated. Aneurysms of the first intracranial part of the 
carotid before it forks into the anterior and middle cerebral arteries 
can be ligated at their necks or by clipping the carotid on either side 
of the neck of the aneurysm. Those of the posterior communicating 
artery can be isolated by clipping this vessel anterior and posterior — 
to the aneurysm. Aneurysms of the middle cerebral artery are haz- 
ardous lesions as this vessel is a vital one to life. An aneurysm of _ 
the anterior cerebral artery between the carotid and anterior com- 
municating can be isolated by clips. Those on the right anterior 
cerebral, distal to the anterior communicating, can be safely isolated 
in right-handed persons. Aneurysms on the posterior cerebral artery 
may presumably be ligated, but only by sacrificing the visual center 
on one side, which is not too high a price to pay for a cure. Ligation 
of saccular aneurysms from the vertebral or basilar arteries and 
their branches should be possible, although I have encountered none 
of these at operation. Occlusion of any of these vessels themselves 
is hardly possible because of the vital brain stem parts they supply. 


An aneurysm which is fairly common, and which should be in- | 
cluded in ‘any consideration of this group of lesions, is that of the _ 
carotid canal as it pierces the base of the skull. In this location, the | 
aneurysm presses against the upper branches of the gasserian gan- | 
glion and all the extraocular cranial nerves, causing a complete — 


| 
| 
: 
4 
We 
| 
Pa 
Te 
we 
t 
| 
© 
a 
a 
| 
ie 
il 
— 


paralysis of all the eye muscles and intense ocular pain. Its cure 
can be effected most surely and relatively safely if the patient toler- 
ates internal carotid occlusion well. Following ligation of the in- 
ternal carotid in the neck, the aneurysm can be “trapped” by placing 
a silver clip on the very first portion of the intracranial carotid by 
craniotomy. The aneurysm itself lies entirely outside the intra- 
cranial dura and need not be manipulated, and the carotid can be 
clipped well away from essential branches of the circle of Willis. 
This leaves the aneurysm between ligature and clip and isolates it 
from further dilatation by carotid pressure (fig. 4). 
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- Fig. +. Illustrating the method of “trapping” an aneurysm 
between a ligature of the internal carotid in the neck and 
a silver clip on the internal carotid intracranially. 


Gr jradually, as the intracranial aneurysm problem has been studied, 

more and more of these otherwise fatal lesions are being found that 
can be cured rather safely by a direct approach to them. Others, 
particularly in the older age group, can be made more comfortable 
and the aneurysm made less likely to rupture by ligation of the 
carotid in the neck with due concern for the hazards attending 
occlusion of this vessel. 
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SOME EFFECTS OF AN OPERATION, ANESTHESIA 
AND COMPOSITION OF PARENTERAL FLUIDS 
UPON THE EXCRETION OF WATER AND SALT 
Cart A. Moyer, M.D, 
V. Ion, M.D. 
L. Bryant, M.D, 
H.Vaccun, M.D. 
N. B. Katper, M.D. 
R. E. L. Berry, M.D. 
Ann Arbor 
O PERATIONS and anesthesia have long been known to have effects 


upon renal function. Some early work upon the effects of anes- 
thetic agents upon renal function is summarized in Table I. 


The effect of simple trauma upon water diuresis has been studied 
by Theobald and Verney” who demonstrated that a simple attempt 
to perform a spinal-puncture on a dog was sufficient to convert a 
diuresis into an oliguria. Wolf ** has more recently demonstrated 
that a painful compression of the head of a man is capable of 
severely reducing the excretion of urine. 

The purpose of these studies upon dogs and human beings was to 
study the effects of operative trauma and anesthesia upon the rates 
of excretion of intravenously injected water and salt. 


The data have been handled in the manner employed by Wolf* 


and Adolph.’ 


An attempt has been made in this investigation to correlate the 
rates of excretion of water and salts with the masses of these sub- 
stances present in the body in excess of the body’s original content 
of these substances. 

The mass of an injected substance that remains within the body 
during the time intervals into which the studies of excretion are 
arbitrarily divided is called the positive-load for that period. In 
other words, a positive load of a substance is the amount of that 
substance that is present within the body in excess of the body’s 
original (normal) content of that substance. In the case of water 
it is expressed as per cent of the original weight of the body (“% Bo). 

Read before the sixteenth annual Postgraduate Surgical Assembly of The South- 
eastern Surgical Congress, Hollywood, Fla., April 5-8, 1948. 


Parts of this paper were read before the Ether Centenary, Massachusetts General 
Hospital, Boston, Oct. 15, 1946. 

Aided by a grant from the Horace H. Rackham Fund for Special Research, No. 8. 
From the Department of Surgery, University of Michigan, Ann Arbor, Mich. 
From the Department of Surgery, Southwestern Medical College, Dallas, Texas. 
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The ratio of the amount of a substance excreted to the load of that 
substance that obtained during the time period of excretion is called 
the velocity quotient of the substance and it is designated by the | 
symbol 1/AT. 

Putting it differently, the comparison of the rate of excretion of 
a substance to the amount of that substance in the body in excess of 
the body’s original content of that substance is called its velocity | 
quotient. For example: if during the hour after an infusion of 5 
per cent glucose in water, 1000 MI. of urine are excreted while 2000 
c.c. of the infused water remained in the body, the velocity quotient 
of the renal excretion of water, when given as 5 per cent glucose in 
water, would be 1000/2000 = 0.5 for that hour; if only 100 Ml.” 
of urine were excreted under similar circumstances the velocity 
quotient of water would be 100/2000 or 0.05 for that time interval. 


This method of relating the rate of excretion to the load permits | 
easy comparison of the characteristics of excretion of any substance. _ 
It is especially valuable in the evaluation of the ‘‘diuretic activity” of | 
various substances (fig. 10). When the usual method of evaluating _ 
diuretic activity is employed, the central graphs of Figure 10 that — 
relates urine flow to time are obtained. The rate of flow of urine pet : 


Pay 


during the fourth hour of the injection of 5 per cent glucose and of =| 
M/6 sodium lactate in 5 per cent glucose are the same (840 ML/ | 
hour) and one might assume that the inclusion of sodium lactate in | 
the 5 per cent glucose did not affect the diuretic response. However, 
when the rate of excretion of water during an hour is related to the 
amount of retained water, load per cent Bo (upper and lower 
graphs), then it becomes obvious that the addition of the sodium — 
lactate to the 5 per cent glucose reduces the diuretic response | 
remarkably. 

The first series of experiments was conducted upon mongrel dogs 
that had been deprived of food and water for twelve to sixteen 
hours. 
Methods 

They were lightly anesthetized with intravenous sodium evipal 
(sodium n-methyl-cyclo-hexenyl-methyl barbituric acid). The ure- 
ters were cannulated, and the rate of urine flow was determined 
with an electrical drop recorder. The trachea was cannulated and 
connected to a Hutchinson respirometer and a bank of tanks. Mean 
end blood pressure was recorded with a Ludwig mercury manometer 
attached to the femoral artery. The jugular vein was cannulated 
to obtain samples of blood. Recordings of respiration, blood pres- 
sure, and rate of urine excretion were made on smoked paper. The > 
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solutions were injected into the left femoral vein at a constant rate 


with a ball valved pump. The loads administered are shown in — 
Figure 3 (last points). The rate of administration was approxi- 
mately three cubic centimeters per minute. The concentration of 
sodium, potassium, ammonium, chloride, phosphate, and sulfate — 
ions in the urine specimens was determined. 


VOLUME_OUTPUT _ 
VOLUME INPUT 


NA OUTPUT (meq) _ % 
NA INPUT (+2 


NACL LACTATED NA 
GLUCOSE RNGERS LACTATE RINGER'S LACTATE 


Fig. 1. Six hour water and sodium excretion as per cent of load. (Dog.) 


Results 


The rates of excretion of comparable volume loads of the solu- 
tions injected vary (fig. 1). The mean ratios, volume excreted/vol- 
ume injected, for the various solutions used within the six-hour | 
period (period of injection) are as follows: NH:Cl 0.9 per cent — 
— 0.0035, NaCl 0.9 per cent — 0.059, lactated Ringer’s — 0.164, © 
glucose 5 per cent — 0.18, and sodium lactate M/6 — 0.45 


The ratios, mEq. Na excreted/mEq. Na injected during the six 
hours, for the various solutions used are: NaCl 0.9 per cent — ~ 
0.045, lactated Ringer’s — 0.114, and sodium lactate M/6 — 0.29. 


Figure 2 shows the rate of urine flow in relation to time. The : 
correlation of rate of urine excretion with load (volume injected 
less volume excreted; no correction was made for insensible loss ~ 
water) is shown in Figure 3. 


In general the rate of urine formation increases as the load in- 
creases, and steady rates of output are not attained within six hours. 


! 
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Fig. 2. Rate of flow of urine as drops per minute in relation to time. (Dog.) 
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OUTPUT % Bo/HR 


LOAD MEQ/ KG 


Fig. 3. The relationship of the rate of excretion of water, sodium, and chloride 
to the load of lactated Ringer’s solution, 0.9 per cent sodium chloride, and 5 per 
cent glucose. (Dog.) 


*%Bo—per cent original weight of animal. 
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varies. Within the limits of rate of loading that obtain in these ex- 
periments, the ionic composition of the salt solution injected pro- =~ 
duces an appreciable effect upon the load-excretion relationship. ro% 
When the fluid load is induced by injecting sodium lactate M/6, the => 
rate of urine flow in relation to fluid load is the most rapid; in two 7 
experiments (15 and 16), after a load of between 3.5 and 4.5 per 
cent Bo* had been induced, the rate of urine formation exceeded _ : 


the rate of injection. In other words, after this degree of retention 
of .V[/6 sodium lactate the rate of urine flow continued to increase | 
in spite of a decreasing sensible fluid load. When the fluid load is 
induced by injecting NaCl 0.9 per cent, the urine return per unit 


fluid load is the smallest. The urine flow per unit load of fluid, as . 


lactated Ringer’s solution, is greater than that obtaining with 

NaCl 0.9 per cent and less than that with Na lactate M/6. The 
response to a 5 per cent glucose solution is similar to that associated 
with the injection of lactated Ringer’s solution. 


The composition of the solution injected affects the rate of ex-_ 
cretion of sodium in a manner similar to that which it exerts upon — 
water excretion, though to a lesser degree. (Compare figs. 3 and 4.) 
In two experiments (15 and 16) the rate of urine flow after load- — 
ing to 3.5 to 4.5 per cent Bo is so rapid as to decrease the sensible — 
load of water, but the concurrent rate of sodium excretion is not 
sufficiently fast to decrease the load of sodium, and the sensible | 
load of sodium continues to increase as the water load decreases. 


The comparative relationship of water and sodium excretion with 
load is shown in Figure 4. The velocity quotients of water excre- 
tion are larger than the velocity quotients of Na excretion. The 
velocity quotients for both water and Na excretion are largest for 
Na lactate M/6, and in Experiments 15, 16, and 17 they increase 
appreciably during the experiment. The velocity quotients (water 
and Na) of all other experiments are remarkably constant Sey 
out the course of loading. The quotients obtaining with NaCl 0.9 | 
per cent are the smallest in this series. 


The injection of 0.9 per cent NaCl is associated with an excre- 

tion of sodium that is faster than the excretion of chloride in five 

experiments, slower than the excretion of chloride in three experi- ; 

ments, and as fast as the excretion of chloride in one. The concen- 

tration of chloride relative to the concentration of sodium in urine 
increased during the course of the experiment in two instances (No. 

11 and 27) and decreased in one (No. 26). 


The urinary concentration of sodium is high and that of chloride | 
is low during the injection of M/6 sodium lactate. The concentra- yy 
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OUTPUT % Bo 


LOAD % Bo ; LOAD MEQ /KG 


Fig. +. The relationship of the rate of excretion of water, sodium, and chloride 
to the load of M/6 sodium lactate. (Dog.) 


tions of sodium and chloride fall to low levels with the administra-_ 
tion of 5 per cent glucose. 


The amounts of potassium excreted during the infusions are 


shown in Table II. The discrepancy between the means of the 


‘‘olucose-K”’ excretion and the ““M/6 sodium lactate-K” excretion is 
insignificant. However, if the saline series are taken as a whole, the 
discrepancy between the means of the saline and glucose series is of 
borderline significance. If the difference between them is real, the 
injection of these sodium salts is associated with a faster rate of 
potassium excretion than that which occurs with the administration 
of 5 per cent glucose. 


The concentration of ammonia in the urine, disregarding that of 
the original bladder specimen, was maintained at a relatively high 
level during the injection of 5 per cent glucose and 0.9 per cent 
sodium chloride; it fell during the injection of M/6 sodium lactate. 


Under the conditions of these experiments* the continuous in- 
travenous infusion of different solutions at constant rates is attended 
by rates of excretion of water and salts that, insofar as their inter- 
relationships are concerned, are in many respects very different 


*Light sodium evipal anesthesia, bilateral ureterostomy, tracheotomy, arteriotomy, 
phlebotomy, dorsal recumbent position of the animals, and room temperature of 70 to 
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from that which follows the injection of these solutions into un- 
anesthetized, intact, trained animals.” 


When salt solutions that differ in composition from that of plasma 
and extravascular extracellular fluid are injected into a healthy, un- 
anesthetized dog or man, the concentration of solutes in, and the 
ionic pattern of urine is so modified as to tend to maintain within 
relatively small limits of variability the composition of the extra- 
cellular fluid in respect to its solute concentration, specific pattern 
of ions, and H+ concentration. 


In healthy, unanesthetized dogs, chloride is excreted relatively 
more rapidly than water (the urine contains more salt than an equal 
volume of infusate) if the infusate contains more than 0.6 but less 
than 1.27 mg. NaCl per c.c.; water is excreted relatively more rap- 


idly than chloride (the urine contains less salt than an equal volume 


of infusate) if the infusate contains more than 0.3 and less than’ 
0.6 mg. NaCl per c.c., and the rates of excretion of water and 
chloride are equal if the infusate contains 0.6 mg. NaCl per c.c. 
However, in these experiments the correlation between the concen- 
tration of water and sodium in the urine and their concentration in. 
the infusate* is negative insofar as it concerns the maintenance of 
the concentration of body solutes. In other words, the urine, in- 


stead of containing more sodium or chloride than an equal volume — 


of a 0.9 per cent infusate* contains less in every experiment ex- 
cepting No. 8. This phenomenon is illustrated graphically in Fig- 
ure 5. The velocity quotients (1/AT) of water exceed those of 
sodium, and relatively more salt than water is retained. : 


Consequently, in these experiments, although the absolute volume 
of water in the body increases when isotonic salt solutions are given, 
the salt mass increases more rapidly, and the amount of water in 
the body relative to its solute content decreases as the infusion of 
the salt solutions progresses. In other words, the relationship be- 
tween solute and water within the body is shifting in a way similar 
to that which attends the deprivation of water or the infusion of 
solutions of sodium chloride having a salt concentration greater 
than 1.7 per cent. In other words, isotonic sodium salt solutions 
are functionally hypertonic in anesthetized animals that have been 
subjected to operative procedures. 


The velocity of excretion of water and salt during the infusion of 
sodium chloride (0.9 per cent) into anesthetized and traumatized 
animals is only about one-fifteenth as rapid as it is in unanesthetized 


*The composition of the salt solutions injected is: M/6 sodium lactate, Na—166 
mEq. liter; sodium chloride, Na—155 mEq. liter; Ringer’s sodium lactate, NaCl— 
130.2, KC1—4.8, CaC1:-—4.36, sodium lactate—26.6 mEq. liter. 
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Fig. 5. The velocity quotients of the excretion of water and sodium during the 
injection of M/6 sodium lactate, lactated Ringer’s, 0.9 per cent sodium chloride, 
and per cent (Dog. 


animals; ( i 1/AT hour for water and salt in these experiments 
varied ‘Bist .005 and .014, the 1/AT hour for comparable loads 
of water and salt in Wolf’s experiments on unanesthetized untrau- | = 
matized dogs, varied between .09 and .24 when solutions of sodium > 


chloride of .35 to 1.4 per cent were injected). 


The velocity of excretion of a load water induced by the injection _ 

of 5 per cent glucose solution into anesthetized animals is also very a 
slow. In addition, there is a change in the relationship between the 7 
rates of excretion of urine during the infusion of salt and glucose — : 
solutions. The rate of urine flow relative to unit of load in healthy 
animals and men* is greater with an infusion of 5 per cent glucose _ 

than it is with that of 0.9 per cent sodium chloride, lactated-Ringer’s, — 

or M/6 Na lactate solutions. With anesthesia and operative trauma 

the difference between the responses to 5 per cent glucose and 
“isotonic” saline solutions may be reduced, abolished, or reversed. 
The glucose-0.9 per cent sodium chloride difference is reduced, the 1 
glucose-lactated Ringer's difference is abolished, and directionally a 
the glucose-M/6 sodium lactate difference is reversed. : 


In other words, the rate of excretion of an infused positive load | 
of 5 per cent glucose is relatively more depressed by anesthesia and : 
trauma than the excretion of positive loads of various isotonic salt — 
solutions. This may be interpreted as a greater suppression of the | 


*See Figures 10 and 11 for the relationships that exist between the excretion of 0.9 
per cent sodium chloride, M/6 sodium lactate, and 5 per cent glucose solutions in a 
normal man. Unanesthetized dogs’ reactions to the above solutions are qualitatively — 
similar to those. of man. (Unpublished data.) oe 
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excretion of water than of the excretion of salt. This change is sim- 
ilar to that described by Adolph and Ericson for the comparative 
excretions of water and salts by man before and after the adminis- 
tration of pituitrin. The last sentence of their discussion is inter- 
esting: ‘‘Pituitrin itself has served to emphasize the immense _dif- 
ference which sometimes exists between the kidneys of individuals 
under various conditions, particularly of anesthesia, decerebration, 
and evisceration.” Painful afferent nerve stimulation is followed 
by a significant decrease in the rate of excretion of a positive load 
of water.” This inhibition of diuresis by afferent stimulation re- 
mains after complete denervation of the kidney.*” Therefore, a 
direct renal reflex is not primarily involved in the inhibition. Theo- 
bald and Verney, therefore, assumed that a change in pituitary func- 
tion incident to the afferent stimulation was involved in the inhibi- 
tion of the diuresis. 


Changes in the regulation of the ionic pattern and hydrogen ion 
concentration associated with operative trauma and anesthesia are 
only qualitatively determinable in these experiments. When 0.9 per 
cent sodium chloride is injected intravenously into normal dogs or 
men, the chloride is excreted more rapidly than the sodium ion; in 
these experiments some animals respond in this manner (Experi- 
ments 7, 9, and 10), but others respond in the opposite way (Ex- 
periments 8, 11, 12, 26, and 27). Base saving, renal blood hydrion 
regulation and preferential chloride excretion during the infusion 
of 0.9 per cent sodium chloride are occasionally practically zero. 


Briefly, anesthesia and operative trauma are associated with 
manifold disturbances in the physiologic regulation of the volume 
and the composition of body fluids by the kidney when their solvent 
and solute volumes and composition are deformed by parenteral 
loading of the body with various solutions within a limited rate of 
injection. These disturbances will be discussed at greater length in 
the section which follows. 

Section TI 

The study described in this section is an wien: to human 

beings of the earlier study on dogs. 


Plan of Study and Procedure: The 10 patients who served as 
subjects were selected only in that they were determined to be free 
of gross cardiovascular and renal disease. They were prepared for 
the operation (the combined abdominoperineal resection of the 
colon) by sulfasuccidine or the Miles’ regimen. Blood was trans- 
fused before operation if the hemoglobin was found to be below 80 
per cent (Scale — Sahli. Normal = 14.8 Gm.). The preanesthetic 
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medication was morphine in combination with a barbiturate. The 
operations were performed with nupercaine or continuous procaine 
spinal anesthesia. 


All fluids were administered by the intravenous route. Five of 
the cases have been selected from those included in a previous 
report.” To these have been added studies with 5 per cent glucose, 
0.3 per cent sodium chloride in 3.3 per cent glucose, and 0.9 per cent 
sodium chloride in 5 per cent glucose. For comparison, data ob- 
tained from infusion experiments conducted upon 4 healthy men are 
presented. One received 750 ml. of 0.9 per cent sodium chloride 
intravenously every 6 hours for four consecutive periods at the 
same rate and the same clock times as the patients. The second 
control received 750 ml. of 0.9 per cent sodium chloride in 5 per 
cent glucose under the same conditions. The other two received 5 
per cent of body weight of 0.9 sodium chloride in 5 per cent glucose 
at the rate of one per cent body weight per hour. All of the control 
subjects complained of thirst during the infusion. Two of them 
were allowed small amounts of chipped ice, whose estimated vol- 
umes were included in the calculations of water load. 


The methods and procedure followed were those outlined in 
detail in an earlier paper.’ Urines collected during each six-hour 
period were analyzed for pH, Na, K, NH:, POs, SOu,, titratable 
acidity to pH 7.4, Cl, total nitrogen, urea nitrogen, and creatinine. 
In one patient (No. 12), calcium’? and magnesium" were also de- 
termined. Losses of both elements were exceedingly small, amount- 
ing to approximately 1 mEq. per 24 hours. 


Water gained as a result of the breakdown of body protein was 
calculated from the total urinary nitrogen by use of the factor 6.25 
and the relation: water = 0.27 liter per 100 grams of protein™ 
Insensible loss was estimated for all patients as 0.07 per cent of body 
weight per hour as suggested by Adolph.’ It is emphasized again 
that this value was determined for normal subjects and most prob- 
ably represents an underestimate of insensible loss in patients post- 
operatively. 

Water-load is the sum of water given plus oxidative water, plus 
water freed by tissue destruction less the combined losses by way of . 
urine, lungs, and skin. Sodium and chloride loads were computed r 
as the amounts injected less the amounts excreted. 


Results 
Table III summarizes the data characterizing the urines of 10 a: 


patients during two periods; the first between the zero and sixth | 
hour and the second between the eighteenth and twenty-fourth hour | 
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of observation after the operation. Space is not available for the 
presentation of the complete data. The data for two of the normal 
subjects cover similar time periods. The data for the other two 
normal subjects cover two consecutive periods (Tables III, IV, 
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. Rates of excretion of water, sodium, chloride and urea in patients under- 
going combined abdominoperineal resection for carcinoma of the rectum in the 
immediate postoperative period. Charts 1, 2, ‘5, 6, 9, and 10 represent patients 
receiving hypotonic salt solutions or 5 per cent glucose solution; charts 3, 7, 11, 
and 12, isotonic salt solutions; and charts 4 and 8, normal vigorous controls who 


received the isotonic infusions for 24 hours. 


The average rate of excretion per hour during a time period of 
six hours has been related to the loads of sodium, chloride, and 
water at the end of the period. The rate of excretion of urine per 
hour divided by the load has been termed the velocity constant, or 
1/AT. These patients cannot be considered to have zero salt and 
water loads at the start of the operation and infusion period. Vary- 
ing degrees of hydration and salt content may exist, especially if 
the patients have been subjected to the Miles’ regimen prior to the 
operation. 
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The patients described in this study received large amounts of 
salt intravenously. For the first six hours their responses to the 
injection of the various solutions are similar to those of anesthetized 
dogs; their urine volumes are invariably low; urine is excreted at 
rates as low as 8 ml. per hour, while the controls showed excretion 
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_ Fig. 7. Concentrations of the chief urinary solids, sodium, chloride, and urea, 

in mM. per liter, of the same patients described in Fig. 6, during the immediate 

postoperative period. Charts 4 and 8 describe concentrations in normal indi- 
viduals. 


rates of 61 and 32 ml. per hour. These scanty urines often contain 
practically no sodium and very little chloride. The content of urea 
and creatinine is lower than those in the later periods. 


In Figure 6, the rates of excretion of water in millimeters per 
hour and of sodium, chloride, and_urea in millimols per hour have 
been charted from the complete data. The left half of the diagram 
presents those patients receiving hypotonic solutions; in this group 
the rate of excretion of water is relatively high. Those cases receiv- 
ing hypotonic salt solutions show a tendency toward a gradual re- 
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covery toward the sustained rates of water excretion howe by the 
normal control whose kidneys managed to balance output with input 
in the 24 hour period (Chart 4). (The second control [Chart 8] 4 
showed lower rates of excretion of water, urea, sodium, and chlor- 
ide than did the first.) After the first six hours, the excretion rates 
of urea are comparable to those of the controls. 


Figure 7 charts the concentrations of urea, sodium, and chloride 
per liter of urine of the same patients. Here differences are notable. __ 
With but one exception, the concentrations of chloride and of 
sodium are much lower in the urines of the patients to whom 0.9 
per cent sodium chloride has been given than in those of the con- 
trols (see also Tables [V and V). The positions of urea and salt 
are reversed in the urines of these patients when compared with the 
normals. The urinary ‘concentrations of urea fall as the diuresis 
increases during the injection of the hypotonic salt solutions and the 
urinary sodium and chloride concentrations remain relatively con- — 
stant, excepting in Chart 2. 
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Fig. 8. Velocity constants of excretion, 1/AT, or the ratios of rate of excretion 


per hour to load at the end of the period investigated, of sodium, chloride and 
water of 6 patients receiving hypotonic infusions (3) and isotonic infusions (3). 


Figure 8 graphs the velocity constants of excretion (1/AT) of 
water, sodium, and chloride for six of the ten patients receiving 
various solutions during 30 hours after operation. Water is ex- 

more rapidly sodium or and chloride a little 
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more rapidly than sodium, by the two patients who received 0.9 
per cent sodium chloride solution. Water is excreted more slowly 
than sodium and chloride by the two patients who received salt solu- 
tions more hypotonic than 0.6 per cent. 


Discussion 
When, during health, the relationships between the rates of ex- | a 
cretion of water and salts and the loads of water and salts are com- 
pared with the relationships that exist between them during the 
immediate postoperative period, changes become apparent. The 
rate of excretion of the load of water induced by injecting iso- or 
hypotonic solutions of sodium chloride does not increase as the load 
increases with the rapidity that it does when no operation has been 
performed. The 24 hour urinary volume after an operation is 
relatively constant for gross loads of fluid differing by 3000 ml. 
However, the rate of movement of fluid into the area of the opera- 
tive injury increases as the load increases. (See Table VI.) 


TABLE VI 


Vol. of NaCl or Number 
NaCl-NaHCOs infused of Average Urine Average Postopera- 
per 24 hr., ml. cases Volume, ml. tive* wound loss, ml. 


3000-4500 3 997 557 
(0.6% & 0.9%) 


4800-6000 968 1148 
0.45% & 0.3%) 


Fluid collected from the perineal wound. 


- na 0.9 per cent sodium chloride solution is injected slowly 

; during and following the operation, the chloride ion is not excreted 
at a rate that is sufficiently more rapid than the simultaneous excre- 
tion of sodium so as to prevent a disproportionate increase in the 
concentrations of the chloride of plasma during the injection. The 
normal individual, when subjected to similar procedures, excretes 
chloride sufficiently more rapidly than sodium so that the concen- 
tration of plasma chloride relative to the concentration of sodium 
does not change. (See Table III.) 


The alteration of the composition of the solution (0.75 per cent 
NaCl + 0.22 per cent NaHCO,), or the solute concentration (0.6 
per cent and 0.45 per cent NaCl) mitigates though it does not en- 
tirely prevent this change. This phenomenon and a concomitant 
decrease in CO: combining power were described by Stewart and 
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Fig. 9. The excretion of urine during and after the intravenous loading of two 
fasting recumbent healthy men with 0.6 per cent and 0.9 per cent sodium chloride 
and balanced solutions; one of which contained 0.644 per cent sodium chloride, 
0.252 per cent sodium bicarbonate, and 0.018 per cent potassium chloride, and 
the other 0.43 per cent sodium chloride, 0.168 per cent sodium bicarbonate, and 
0.012 per cent potassium chloride per liter. The volume of fluid that was in- 
jected was 5 per cent of the original body weight. The rate of loading was one 
per cent of the original weight per hour. The graphs relate the urine excretion 
to time and load, and the rate at which the return to normal content occurs. 
(Velocity quotient-load diagram.) 


Rourke.*’ In anesthetized dogs the pH of plasma can be quickly 
reduced to 7.0 by the injection of isotonic sodium chloride. (Har- 


rison and Shires, personal communication.) This is in essence the 
mode of development of dilutional acidosis (Van Slyke). 


' The rate of renal excretion of water during the injection of 
isotonic salt solutions in three experiments (3, 5, and 6, Table III) 
and the rate of net loss of water [renal and insensible] in the ex- 
periments 3, 4, 5, and 6) in relation to the volume of water retained 
exceeds the rate of the renal excretion of sodium and chloride in 
relation to the amounts of sodium and chloride retained. (These 
correlations are apparent also in the experiments performed on 
anesthetized dogs. (See Section I.) However, the plasma sodium 
concentrations do not change significantly. With the administration 
of hypotonic solutions (0.45 per cent NaCl and 0.38 per cent NaCl 
+ 0.11 per cent NaCO.,) the excretion of water in relation to the 
volume retained is slower than the rate of excretion of sodium and 
chloride in relation to their retentions. The relationship of rate of 
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Fig. 10. The excretion of urine during and after the intravenous loading of two 
fasting recumbent healthy men with 5 per cent glucose, M/6 sodium lactate in 
5 per cent glucose, M/6 sodium lactate in water, and 0.9 per cent sodium chloride 
solutions. The volume of fluid that was injected was 5 per cent of the original 
body weight. The rate of loading was one per cent of the original weight per 
hour. The graphs relate the urine excretion to time and load, and the rate at 
which the return to normal content occurs. (Velocity quotient-load diagram.) 


water excretion to rate of sodium excretion when isotonic and hypo- 
tonic are injected during and after an operation is opposite to that © 
determined on normal men.** In the normal person the retention _ 
of water tends to be greater than that of salt during the injection of 
isotonic solutions, and the retention of salt is relatively greater than 
the retention of water during the injection of a salt solution of less 
than 0.6 per cent concentration.” 


The excretion of water introduced intravenously as a 5 per cent _ 
glucose solution is much slower during the immediate postoperative - 
period than it is in health. (See 1/AT(H:O) for Cases 11 and 12, 
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Table III.*) It is also not much faster than the excretion of a 0.9 
per cent sodium chloride solution. In a healthy man the maximum 
rate of excretion of water in urine relative to the amount of water 
retained during the infusion of glucose is about twenty times greater 
than it is during the infusion of sodium chloride (0.9 per cent) 
(fig. 10). 

The directional correlation between changes in specific gravity of 
the urine and those of the plasma that usually exists when a normal 
person is given 5 per cent glucose in water is often completely dis- 
rupted after an operation. In other words, the specific gravity of 
urine does not fall as the concentration of the plasma solutes dimin- 
ishes. This is additional evidence in support of Peter’s statement 
that the specific gravity of urine under certain circumstances is cor- 
related with the rate of excretion of urine and not with the changes 
in the concentration of bodily solutes. This is especially apparent 
in the case of patient 11, Table II11, who would appear to be suffer- 
ing from a relatively severe water deficit before and throughout 
the administration of the glucose solution. The specific gravity of 
the urine was 1.034 before and after the injection of 3000 ml. of 5 
per cent glucose in water. However, during the same period of time, 
the sodium and chloride concentrations in the plasma fell from 136 
and 102 mEq. to 123 and 91 mEq. respectively. Evidently the renal 
tubular reabsorption of water proceeded at a high rate even in the 
presence of water retention with a 10 per cent dilution of plasma 
solutes. A slow excretion of water associated with a dilution of 
plasma sodium also occurred in four other patients, 8, 9, 10, and 12. 
Numbers 8, 9, and 10 received hypotonic salt solutions, and Num- 
ber 12 received 5 per cent glucose. In two of these patients, 
Numbers 8 and 10, the specific gravity of the urine rose as plasma 
sodium concentration fell and the rate of flow of urine remained 
relatively constant. (See Table III.) It is obvious that the specific 
gravity of urine cannot be employed as a criterion of water load 
after an operation. 


All the above findings signify that the regulation of the salt and 
water exchange in response to changes in the load of water and salt 
is very different after a major operative procedure from that in 
health. In fact, after an operation, in man and in the anesthetized 
dog, the rates of excretion of water and of sodium bear opposite 
relationships to each other than they do in healthy men and dogs. 


*The velocity quotient 1/AT for water excretion through the kidney in health after 
two hours of continuous intravenous infusion of 5 per cent glucose solution varies 
between 0.3 and 1.2 with positive loads of 0.8 per cent to 1.5 per cent body weight. 
The rate of injection was equal to or less than 1 per cent body weight per hour. These 
rates of injection approximate the “slow” and “rapid” rates of injection generally em- 
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During the infusion of 0.9 per cent NaCl or 0.75 per cent NaCl + 
0.22 per cent NaHCO; after operative trauma, water is excreted 
relatively faster than sodium, whereas during health sodium is ex- 
creted relatively faster than water. When 0.3 or 0.45 aa cent 
var 
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* Fig. 11. The retention of 0.9 per cent and 0.6 per cent sodium chloride, M/6 
sodium lactate in 5 per cent glucose and in water, 1.3 per cent sodium bicarbon- 
ate, and 5 per cent glucose during and after their intravenous administration to 

a healthy, recumbent fasting man. 


saline solutions are given during and after an operation salt is 
excreted more rapidly than water but water is excreted more rap- 
idly than salt when they are given to normal men.” 


During the injection of 5 per cent glucose solution, after the 
operation, urinary specific gravity remains relatively high even 
though the plasma solutes are significantly diluted, the flow of urine 
accelerates slowly, and the concentration of plasma solutes falls; 
in health the specific gravity of urine falls, the flow of urine accel- 
erates rapidly, and the concentration of the plasma solutes remains 
practically unchanged within the limits of loading that obtain in 
these experiments. 
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In short, in the anesthetized dog and in man, after the operation 
the salt concentration in the urine tends to be relatively independent 
of the volume of water and the mass of salt injected and retained, 
and the solute concentration of the infusate; therefore, there is less 
tendency for the kidney to maintain the solute concentration of the 
extracellular fluid if the composition of the infusate differs appre- 
ciably from that of the extracellular fluid. 


The disturbances in physiologic regulation that are responsible 
for these phenomena are unknown. Prerenal deviation of fluid into 
the injured area can scarcely be responsible for them. 


A reduction in the rate of glomerular filtration which occurs fre- 
quently during an operative procedure,” may be responsible for a 
part of these disturbances. A reduction in the rate of glomerular 
filtration with its attendant reduction in the delivery of filtrate to 
the tubules can conceivably reduce the intratubular load of water 
and salts so that the tubular absorptive capacity for them is not 
exceeded and consequently water and salts are more completely 
reabsorbed than they would be at more rapid rates of filtration. 
The oliguria that often exists during and after major operative 
procedures is theoretically explicable by this reasoning. However, 
the alterations in the relative rates of excretion of water and salts 
cannot be explained thereby. 


The volatile general anesthetic agents are known to disturb the 
regulation of the excretion of water and salts during the period of 
sustained  Flowever, many conclusions 
concerning the effect of anesthetics upon renal function have been 
drawn without considering the effect of restraint, position, and 
operative procedures. Spinal anesthesia per se usually does not 
bring about a diminution of urine flow greater than that produced 
by the spinal puncture alone unless blood pressure falls to low 
levels.“ Since all of this series of experiments, except one, which 
has been described elsewhere,’ were conducted after an operation 
that was performed under spinal anesthesia, the anomalous post- 
operative renal behavior is more likely unrelated to the anesthesia. 
However, because a large number of major operations are per- 
formed during ether anesthesia and ether is known to inhibit diu- | 
resis, an investigation was undertaken of the load-excretion rela- 
tionship of a saline solution administered to healthy men immedi- — 
ately after partial recovery from one hour of ether anesthesia of | 
surgical depth without the superimposition of surgical procedures 
or morphine in order to ascertain whether the effects outlasted the 
stage of surgical anesthesia. (See Tables IV and V.) 
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excretion of water, sodium, and chloride, and a little differential 
depression of the excretion of chloride compared to the excretion 
of sodium. The excretion of the other measured urinary solute 
fractions was unchanged after one hour of ether anesthesia. The 
changes in the excretion rates of water, sodium, and chloride follow- 
ing anesthesia alone are insignificant when compared with the effects 
of ether and operation upon them (Po, Ann. Surg., 1945.") There- 
fore, it is unlikely that ether alone would materially affect renal 
behavior during the postoperative period. Consequently, it appears 
that the probable cause of many postoperative renal complications 
of functional origin is the influence of the operative procedure itself 
upon tubular function. The observations of Theobald and Verney, 
and of Smith, Rovenstine, Goldring, Chasis, and Ranges upon the 
magnitude and the sustained nature of the inhibition of diuresis by 
a relatively mild afferent stimulation (lumbar puncture), which ac- 
cording to Verney is of pituitary-reflex origin, become highly sig- 
nificant to surgery. 


Should one assume that afferent stimulation from the zone of in- 
jury, operating via its effect upon the pituitary, is the major causa- 
tive factor of the peculiarities of renal function after an operation, 
then qualitatively similar variations from normal are to be expected 
with the afferent stimulation of all forms of trauma, infections, and 
other acutely painful states; e.g., peripheral vascular disease, ar- 
thritis, etc. 


The part played by morphine in the production of the peculiari- 
ties of postoperative renal behavior may be considerable.*"" How- 
ever, because morphine is as essential as the knife is to surgery from 
a humanistic standpoint, any part played by morphine should be 
considered as an integral part of operative trauma. 


These findings hold certain clinical implications even though the 
disturbances in physiologic regulation that are responsible for them 
have not been determined. After a major operation, positive loads 
of water when induced by the infusion of hypotonic (less than 0.6 
per cent) sodium salt solutions or 5 per cent glucose in water are 
excreted more slowly with more salt than they are during health. 
Therefore, the syndrome of water intoxication is more easily pro- 
duced, especially if large volumes of these solutions are given. Con- 
versely, because the kidneys of man do not elaborate a urine hav- 
ing a higher sodium and chloride concentration than that of the 
infusate during the immediate postoperative period when 0.9 per 
cent NaCl or 0.75 per cent NaCl + 0.22 per cent NaHCO; are 
injected, the use of these solutions postoperatively as the sole source 
of water will be attended by a greater deficit of water than a 
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which occurs in healthy men who do excrete urine following the ine 
jection of 0.9 per cent sodium chloride, that has a higher sodium — 
and chloride concentration than that of the infusate; this is more 
especially true when the insensible loss of distilled water through 
skin and lungs is accelerated by fever, etc. The concentration and | 
the composition of the plasma, and presumably of the extracellular | a 
fluid also, are not “guarded” by the kidney so well after an opera- 


tion. Consequently, the regulation of the tonicity and the composi- z.. 


tion of the infusate is more important postoperatively than it is pre- 
operatively. If indications exist for the administration of salt solu- 
tions during the immediate postoperative period, the use of appro- 

priate balanced solutions* will be attended by smaller changes in _ 
the volume relationships and the composition (reduction of the _ 
CO: combining capacity) of the fluids of the body than would be — 
the case if 0.85 or 0.9 per cent solutions of salt were infused rou- = 
tinely. The specific clinical applications of these studies to preopera- 
tive and postoperative parenteral fluid administration will be more | 
fully described and illustrated later. 


CONCLUSIONS 


water are very small in the traumatized dog during evipal-sodium- ay 
anesthesia and in man during the immediate postoperative period = 
(first six hours) after a combined abdominoperineal resection of — 


the rectum and sigmoid colon performed under spinal anesthesia. 

2. With positive loads of sodium and chloride in excess of the _ 
positive loads of water, the concentrations of sodium and chloride — 
remain low in the urine throughout the first 30 hours after anes- 
thesia. 

3. The combined renal and insensible losses of water from the_ 
body are relatively faster than the loss of salt when a solution of — 
0.9 per cent sodium chloride or of 0.75 per cent sodium chloride 
plus 0.22 per cent sodium bicarbonate are given intravenously dur- | 
ing and after a major operation. Consequently more salt than water 
is retained and the concentration of sodium chloride in the retained | 
fluid is greater than it is in the infusate and in the plasma. 


The combined renal and insensible losses of water are relatively 
slower than the loss of salt when a solution containing less sodium 
than 100 mEq./liter are given during and after an operation. Con- 
sequently the concentration of sodium chloride in the retained fluid 
is less than the concentration of sodium in the normal plasma. 


*Hartman’s solution and Locke’s solutions are examples of balanced solutions. \ 
number of balanced solutions are now being manufactured commercially. 


! 
7 
= 
a 
' 
tion rates of posit f sodium, chioride 
| 
id 
7] 
= 
} 
~ 
i 
+ 
: 


> 


MOYER, ET AL: EXCRETION OF WATERAND SALT 245 


These above relationships of the rate of excretion of water to- . 
the rate of excretion of salt are often opposite to these which exist = 
when these solutions are injected into normal dogs and men. a 
4. Continuous high rates of tubular reabsorption of water, 7 
sodium, and chloride, regardless of the existence of stimuli er 
tend to diminish them, are considered as a possible immediate cause 


for some of these changes in renal function postoperatively. 7 


5. One hour of ether anesthesia alone has no significant effect 
upon water or salt excretion in man when the loads are imposed 
after partial recovery from anesthesia. 1 

6. The volume, the solute concentration, and the composition of 
the infusate should be carefully considered and more especially so — 
during the immediate postoperative period when a relatively severe 
functional renal impairment may exist. “‘Isotonic’’ sodium aera 
(0.9 per cent) is not a “physiologic” repair solution during the im- — 
postoperative period. 

Afferent stimuli of traumatic origin may be the inciting cause 
of es above described renal functional changes. 


8. There is a possibility that the anomalous renal function of the — 
postoperative period may also exist following other forms of | 
trauma, during painful illnesses, and with strong painless afferent — 
stimuli such as © 
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SURGICAL TREATMENT OF MALIGNANT LESIONS OF 
THE COLON COMPLICATED BY INFLAMMATORY 
REACTION, FIXATION OR OBSTRUCTION 


T HE complications that are associated with malignant lesions of 
the colon are largely related to the segment of the colon in- 
volved. Lesions located in the right colon produce symptoms and 
complications entirely different from those of the left colon. This 
is due to the difference in the anatomy and physiology of the two 
colons. The right colon is derived from the mid gut and has a 
physiology much like that of the lower small bowel. Its content is 
semi-fluid and it has the property of water absorption. The anatomy 
is different in that the caliber of the bowel is larger and the muscu- 
iature is less pronounced than with the left colon. 


The colon diminishes in size gradually as it approaches the left 
side and increases in muscular thickness and texture, until it becomes 
a cylindrical tube, with a muscular wall sufficiently powerful for 
the forceful expulsion of its dehydrated debris. The lymphatics 
permeate freely the muscular structure. 

The malignant lesions that are encountered in-the various seg- 
ments of the colon, therefore, have physical characteristics peculiar 
to their anatomic and physiologic environment. Lesions, corre- 
spondingly, on the right side grow well out into the lumen of the 
bowel while those on the left side form, either, by an infiltrating 
adenomatous growth, a constricted lumen, or by lymphatic infiltra- 
tion in the wall of the bowel, an annular or canalizing obstruction. 
The symptoms and complications are, therefore, different. 


RiGHT COLON INFLAMMATION AND OBSTRUCTION 


Right colon lesions are ulcerative growths that often break down, 
bleed and become secondarily infected. Marked anemia develops 
and from the absorption of the by-products of protein decomposi- 
tion and the associated infection the lemon color of cachexia is often 
seen. This is a characteristic of right colon lesions, which by no 
means indicates extension and inoperability, as it would were it asso- 
ciated with a left colon cancer. 

Extrinsic inflammation and edema may result from this process 
of necrosis and secondary infection. Penetration and perforation 
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may result in abscess formation, often difficult to distinguish from 
an appendiceal abscess or diverticulitis. 

These associated complications of right colon cancers rarely are 
so pronounced that resection can not be done as a primary procedure 
after proper preoperative preparation. Blood loss can be restored 
by adequate transfusions of whole blood and infection can be dimin- 
ished by thoroughly emptying the alimentary tract from above, by 
cleansing enemas, by penicillin, streptomycin and intestinal inhibitory 
sulfa drugs. These are routine preliminary procedures in all non- 
obstructive colon lesions, whether on the right or left side. If fever 
is present, an increased white blood count, evidence of local tender- 
ness, or a fixed mass, a more protracted and intensive period of 
preparation is demanded. The Miller-Abbott tube may be helpful 
in reducing distention, if present, and to put the bowel at rest. 


The true nature of the lesion is not, however, known until the 
abdomen is opened and the tumor mass examined. On the right 
side it may occasionally be found that a preliminary side-tracking 
operation, in the nature of an ileocolostomy is advisable. This we 
have found advisable only once in twenty-seven explorations for 
right colon lesions. Subsequently this lesion was found at secondary 
operation to have subsided and it was removed by right colectomy 
without incident. Previously we had done the two stage procedure 
more frequently. This procedure of ileocolostomy is also a pallia- 
tive one for inoperable extensive lesions of the hepatic flexure. 

Ileocolostomy may be done by a side-to-side anastomosis of ileum 
to transverse colon or an end-to-side method, depending upon the 
patency of the right colon. An end-to-side completely diverts the 
contents of the small bowel into the transverse colon and is prefer- 
able if obstruction is not present. The distal end of the ileum is 
closed and dropped back into the abdomen. A technical point of 
ileocolostomy is that the mesentery of the two approximated bowels, 
ileum and colon, must be sutured to prevent small bowel obstruc- 
tion. We suspected this in one instance and it was confirmed at sec- 
ondary exploration and corrected without incident. 


Appreciable obstruction of the hepatic flexure may occur from 
edema, retraction and angulation without extrinsic malignant ex- 
tension and respond to intestinal intubation and conservative med- 
ical measures, and ultimately be primarily resectable. 


TRANSVERSE COLON 
Lesions of the transverse colon are frequently diagnosed before | 
obstruction. The mass is palpable under the anterior abdominal - 
wall and a careful radiographic study by barium enema reveals a 
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partially constricting lesion. We have seen these lesions adherent 

to adjacent small bowel and have been able to resect the entire tumor 

en masse and reconstruct the colon and small bowel respectively 

without unfavorable incident. In 17 neoplasms of the transverse 

colon, 2 were obstructed to the point cecostomy was necessary. Two 

were found incidentally in the routine examination of the abdo- 

men in conjunction with gallbladder surgery. These were resected 

and a period of over 10 years has elapsed and both patients have 

remained well. Cecostomy serves well to decompress a transverse 

colon obstruction. The bowel can be thoroughly cleaned and ade- 

quate mobilization can be made of the hepatic and splenic flexures 

for wide resection and anastomosis without tension. The cecal 

opening serves as a splendid vent for the escape of gas and prevents 

intracolonic tension on the suture line. ve 


SPLENIC FLEXURE 


Complications are often associated with splenic flexure cancer. 
The lesion is usually advanced, often fixed and obstructed before 
the patient is seen by the surgeon. 


The symptoms before obstruction are vague and abdominal in 
character. The lesion is high under the costal arch and not palpable. 


A barium enema is often misleading as the proximal limb of the 
flexure may override or be anterior to the distal limb and show no 
deformity in a non-obstructive tumor. This relationship results 
from a high fixed contracting lesion which has pulled the two limbs 
of the flexure in this relationship. Therefore, only by an oblique 
exposure can the splenic flexure be well visualized and the two super- 
imposed segments be distinguished. 


Obstruction is easily recognized clinically and proved by a flat 
x-ray of the abdomen which shows the distended proximal colon 
with its haustral markings or by barium enema. Surgical decom- 
pression must be done preliminary to tumor excision. Transverse 
colostomy limits wide mobilization and excision of both splenic and 
descending colon lesions, which should include the bowel from the 
distai transverse colon to near the upper sigmoid. Cecostomy offers 
no technical handicap and fulfills all the requirements for decom- 
pression and bowel irrigation. It serves also as an excellent vent 
for escape of gas and permits free mobility for wide excision and 


anastomosis without tension. 

FIXATION AND EXTENSION 


Fixation is often present in colon cancer and removal may jeop- 
ardize surrounding anatomic structures if caution and care are not 
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exercised in finding a line of cleavage. These structures may be 
isolated above or below the fixed lesion, followed to the point of 
involvement and separated with greater certainty of protection. 
We have found this useful in isolating an adherent ureter or in 
freeing lesions of the iliac colon from the great vessels. 


We have extended the operation of excision in colon and rectal 
cancer to include many cases which because of fixation and adjacent ; 
involvement we formerly thought were inoperable and did only a ; 
colostomy. 


Lesions involving an adjacent loop of small bowel are removed 
en masse and tubes, ovaries and uterus may be excised along with 
the cancer if adherent and involved. Rectal lesions involving the 
posterior wall of the bladder have been extirpated along with a 
segment of the bladder. The anterior abdominal wall in part has 
been removed, as have the surrounding parietal peritoneum and the 
underlying muscle in lesions of the lateral colon. 


In one instance the left lobe of the liver was removed because of 
a large isolated metastatic lesion in the course of the abdominal 
phase of an abdominoperineal resection. These extensive proce- 
dures have done about as well as those uncomplicated resections. 


DESCENDING COLON AND SIGMOID - 


Lesions in this portion of the colon are usually annular or more 
or less constricting in character and at the time of consultation have 
a variable degree of chronic obstruction or complete obstruction. 
Fortunately, most apparent obstructions are not complete neoplas- 
tic obstructions, but are in part due to associated edema, inflamma- 
tory reaction and invaginated mucous membrane into the meager 
neoplastic lumen. Under proper surgical decompression and by =f 
irrigations they relent sufficiently so that the colon may partially = 
empty itself through the distal segment. 


Proximal surgical decompression can be done by cecostomy or - 
transverse colon colostomy, the latter being preferable. However, 
in complete obstruction with extensive proximal bowel distention 
this is not always easy. Often the distended right transverse colon ns 
is pushed high under the liver by the enormously distended cecum, 
which pushes everything well toward the midline and upward, so 
the transverse colon is unapproachable. In surgical decompression 
we have found it often better to deflate the cecum by needle puncture 
and aspiration, and insert a tube or to exteriorize a small segment, 
than to attempt to isolate an inaccessible distended transverse colon. 
It is true, it is harder to cleanse the colon of its accumulated con- 
tents after a cecostomy than a transverse colon colostomy, but it is _ 
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often safer, when the bowel wall is so enormously dilated and the 
wall is paper thin. The danger of manipulation is too great, it 
might rupture. The bowel can be cleansed successfully through a 
cecostomy, although it may take longer. 


Complementary cecostomy or colostomy accompanying resection 
and primary anastomosis of a left colon or sigmoid lesion is not to 
be condemned. It is commonly practiced by many capable surgeons. 
It gives a vent for accumulated gas and prevents tension upon the 
suture line. The subsequent closure is a small procedure. The 
added security is considered well worth the minor inconvenience. 


The point of greatest clinical interest is that colon obstruction is 
a closed loop obstruction and is subject to gangrene and perforation 
when the intracolonic pressure equals or exceeds the systelic blood 
pressure. In this way, colon obstruction is comparable to strangu- 
lated small bowel obstruction, as no colon contents regurgitate back 
into the terminal ileum and distention progressively increases with 
ultimate impairment of the blood supply. Therefore surgical de- 
compression should not be long deferred, else gangrene and rup- 
ture of the cecum will occur. We have observed this twice, and in 
one instance, it developed pending preparation for operation. Cecos- 
tomy, however, was immediately carried out, and fortunately there 
was little abdominal soiling and recovery occurred and subsequent 
resection of the lesion was successfully done. 

A spontaneous rupture of the sigmoid into the free abdominal 
cavity was observed also in a male of 21. On lifting, a severe ab- 
dominal pain occurred and he was sent to the hospital with a diag- 
nosis of a perforated duodenal ulcer. The abdomen was board-like. 
Operation revealed no ulcer perforation. The abdomen was con- 
taminated and a pendulous sigmoid easily revealed a perforation 
of an indurated lesion of the anti-mesenteric side of the bowel. 


This was exteriorized through a left pararectus incision and ob- 
structively resected. A complementary cecostomy was done to pre- 
vent intestinal distention and to make less favorable the develop- 
ment of peritonitis. A Miller-Abbott tube was passed. It is noted 
that the peritoneum can withstand much contamination if intestinal 
distention is prevented. The patient recovered. The bowel opening 
was later closed and the patient has been well now over 4 years. 


In 58 lesions of the splenic flexure, descending colon and sigmoid 
preliminary cecostomy or transverse colon colostomy was done in 
over half of the cases. Subsequently, primary anastomosis was done 
at the time of the resection. The rest of the group was largely 
operated upon by the obstructive type of resection; a few by primary 
resection and anastomosis with complementary colostomy, a pro- 
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cedure we believe should accompany primary anastomosis of the 
left colon. 


a 


of carcinoma of the rectum, rectosigmoid and extreme lower sig- 
moid is not very clear. What the rectosigmoid is, is hard to define. 
The excised specimen shows no such anatomic structure. They think 
it is more appropriate to describe carcinoma of that portion below 
the pelvic peritoneum as ‘‘extraperitoneal carcinoma” of the rectum 
and that above and below the promontory of the sacrum as “‘intra- 
peritoneal.” 


The lesions are constricting and frequently obstructuve, requir- 
ing colostomy as a preliminary procedure, preferably right trans- 
verse colon colostomy. Subsequently an anterior type of resection 
can be done if local conditions are favorable. If the lesion is large, 
fixed or metastatic glands are observed abdominoperineal resection 
otters the best chance of removing the involved tissue. 

Lesions below the pelvic peritoneum we often believe are unsuit- 
able for excision and bowel reconstruction. The problem always is, 
can you remove all the cancer and can you sew the two ends of the 
bowel together successfully ? This has been emphasized by Gilchrist 
and David. In large tumors with lymph nodes, distal metastasis 
may be unknowingly present. The most radical procedure is advis- 
able and can only be anatomically accomplished by abdominoperineal 
resection. 

There were 107 lesions in the lower sigmoid, rectosigmoid and 
rectum, which were done by anterior resection with complementary 
colostomy or abdominoperineal resection, three fourths by the 
latter method. 


The mortality of the entire series of colon and rectum was 8.09 
per cent. 


These low reconstructions are largely an effort to avoid an ab- 
dominal colostomy. Surgical compromise of anatomic excision of 
all the gland-bearing tissue is at the expense of maintaining a normal 
fecal current. Why compromise, for sentiment and esthetic reasons, 
surgical principles in the treatment of cancer of the rectum? A 
frank discussion should convince any intelligent person of the ad- 
vantages of a radical procedure. 

An abdominal colostomy properly made, with removal of the 
primary lesion, often can be effectively controlled and will cause a 
minimum of trouble. The conceptions of a colostomy are based upon 
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inadequate information, sentiment and mental abhorrence. Those 
who have colostomies properly performed for removable lesions 
and who have learned a procedure of caring for them have little or 
no trouble. The bowel in time adapts itself to its new environment 
and functions with a minimum of inconvenience. 

Lahey states that those colostomies made as palliative procedures 
for unremovable lesions give the most distress. They are con- 
demned. One never hears of those that function well. The uncon- 
trollable nature and pain of these palliative colostomies are largely 
due to the progress of the unremoved cancer. 

SUMMARY 
A review of the complications associated with cancer of the colon 
is presented. It is noted that the most common complication is that 
of obstruction. 


Preliminary decompression by either medical or surgical means 
is advised and strongly emphasized, before attempts be made to. 
remove the lesion, if any degree of obstruction is present. 


Emphasis is placed upon the importance of extending the scope 
of surgery by removing all lesions that appear to be resectable, even _ 
though palliative results are all that can be expected. 
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THE MANAGEMENT OF HEMOTHORAX 


A. Moore, M.D. = 
Asheville, N. C. 


NE of the most important advances in surgery made during — 
World War II is the new concept of the pathology of hemo- 
thorax and the radical change in the management of this condition. | 


For years we have labored under a misconception as to the fate 
of blood in the pleural cavity. It has been known since World War I _ 
that a hemothorax might lead to a disabling fibrothorax, but none 
seem to have understood the pathologic changes that took place nor 
to have suggested a rational form of therapy. : 


There were two schools of thought in regard to the treatment of 
this condition. There were those who thought that blood did not 
clot rapidly within the pleural cavity, that it would be eventually 
absorbed and should not be removed unless it produced respiratory 
embarrassment, when it should be aspirated, or unless it became in- 
fected, when it should be drained as an empyema. Others felt that _ 
blood in the pleural cavity was a harmful foreign body that stimu- 
lated a pleural exudate, and served as an excellent culture medium 
for any bacteria that may have entered through the wound in the 
chest wall or in the lung. For this reason they believed that the | 
blood should be aspirated, but that it should be replaced with air at — 
first to prevent too rapid reexpansion of the lung, which would pro- | 
duce further bleeding. 


At the beginning of the last war, surgeons faced this problem with — 
little knowledge of how to handle the situation, and there resulted — 
a considerable number of cases of prolonged and even permanent — 
disability due to an unexpanded lung, the result of a simple hemo-— 
thorax or an infected hemothorax, which led to chronic empyema. ; 


During 1942, Smithy' was among the first to suggest that all 
hemothoraces did not heal spontaneously and resulted in a disabling 
fibrothorax. Burford, Samson, Brewer and Parker? demonstrated 
the pathologic changes that take place in the course of traumatic | 
wounds of the chest with hemothorax; and it was Maj. Thos. Bur- © 
ford who first proposed and performed radical thoracotomy with | 
decortication of the lung for organized hemothorax. 


Blood clots very rapidly in the pleural cavity, but the motion of | 
the heart, lungs and diaphragm causes a defibrination. The fibrin | 
is precipitated out, and serum and cells are left and will not clot 
unless fibrinogen is added (Melich and Spooner’). As blood is an 
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irritant, a pleural exudate is thrown out. This increases the amount 
of fluid present and leads to the formation of a secondary clot. 


If this fluid, consisting of serum cells and pleural exudate, is un- 
disturbed for two or three days, there is deposited a thin layer of 
fibrin and clotted blood, which is continuous over the parietal and 
visceral pleura, forming a closed sac or envelope containing the 
serosanguineous, pleural fluid. Fibrin continues to be thrown down 
in layers, and is followed quickly by angioblastic and fibroblastic 
proliferation, which extends into the clot from the pleura. This 
membrane gets thicker, and the layer adjacent to the pleura soon 
shows adult fibrous tissue; and the layer next to the serum shows 
young fibrous tissue. Curiously enough, the pleura itself does not 
become thickened, but remains a thin translucent membrane. If un- 
disturbed, this layer of fibrous tissue becomes intimately attached to 
the pleura, and will not separate easily. If the blood becomes in- 
fected, this process is probably hastened. In time, the membrane 
cannot be separated from the visceral pleura and may even become 
calcified. 


It is known that blood does not clot and become organized in all 
cases of hemothorax. Small collections of blood will be absorbed 
spontaneously unless they become infected. Tuttle, Langston and 
Crowley‘ estimated that 5 to 10 per cent of thoracic wounds in civil- 
ian casualties and 15 to 20 per cent in military casualties result in 
intrapleural clotting. 


Military surgeons established certain principles in the treatment 
of thoracic wounds which are applicable to thoracic wounds that 
occur in civilian life, and it is for this reason I have reviewed this 
subject. Thoracic wounds are frequent enough in civilian life to 
demand of the surgeon better treatment than has been given to them 
in the past. These principles can be briefly stated as follows: 


1. Combat shock with replacement therapy (plasma and whole 
blood). One can aspirate blood from the pleural cavity and give an 
autotransfusion if blood is not immediately available. 


2. Closure of thoracic wounds, temporarily by covering the wound 
with vaseline gauze, and later by debridement and closure of the 
wound after the patient has reacted from the shock. . 


3. Relief of pain by intercostal nerve block with novocain. __ 


4. Early and vigorous removal of air and blood by aspiration. 
It is essential to reexpand the lung as early as possible. Bleeding 
from the lung is not likely to recur unless large hilar vessels have 
been injured. 
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is evidence of a large blood vessel having been in- 
jured, as indicated by the direction of the missile and the presence 
of a massive hemothorax that has already clotted, early exploration 
with ligation of vessels, removal of foreign bodies and repair of 
damaged lung tissue will save many patients. If these patients 
reach the hospital alive, only bold action will save them,—conserva- 
tism and procrastination mean death. 

6. It is imperative to maintain an open airway, which can be 
done by bronchoscopic or catheter aspiration of the trachea. 

7. Oxygen by intranasal catheter, by face mask or by tent must 
be used freely to relieve respiratory embarrassment and cyanosis. 

8. The administration of the antibiotic agents greatly reduces the 
incidence of infection and empyema, and thereby saves lives and 
shortens the period of convalescence. 

9. The use of intratracheal anesthesia by an expert anesthetist, 
plus the transfusion of adequate amounts of blood, enables the sur- 
geon to do many intrathoracic procedures safely on critically in- 
jured patients. 


If these principles are applied to civilian wounds, the results will 
be just as spectacular as they were during the war. Thoracic wounds 
seen in civilian life are more commonly stab wounds, gunshot 
wounds, crushing injuries and even blast injuries. They all result 
to some extent in a pneumohemothorax. 


Serious hemorrhage into the pleural space may accompany a 
spontaneous pneumothorax. Elrod and Murphy’ reviewed the lit- 
erature, and found nearly 50 cases had been reported with a mor- 
tality rate of 33 per cent. They reported an additional case in which 
they performed a radical thoracotomy with decortication of the 
lung, followed by complete reexpansion of the lung and a complete 
recovery. 


The following case report is that of a young man who had a 
spontaneous pneumothorax with a large intrapleural hemorrhage. 


E. V. H., aged 34, while moving a heavy table on March 20, 1942, at 
4.00 p.m., felt a sudden click and severe pain in the left chest, followed by in- 
creasing dyspnea. He was hospitalized the next day, and a diagnosis of spon- 
taneous, left pneumothorax, with the formation of fluid, was made and con- 
firmed by roentgen ray examination. His physician did not suspect the fluid 
was blood, and treated him by bed rest until March 31, when 1700 ce. of 
bloody fluid was removed and replaced with air. Aspiration was repeated on 
April 3, 8, and 15, a total of 5,600 c.c. of bloody fluid being removed by the 
four aspirations. He was discharged from the hospital July 1. He returned 
to work in September, 1942, and his disability was terminated even though at 
that time roentgen examination showed his left lung to be only 50 per cent 
reexpanded. 
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On Jan. 30, 1948, he consulted me about hemorrhoids. A general physical 
examination revealed a marked retraction of the left chest (fig. 1). There 
was practically no expansion of the left hemithorax, and the breath sounds 


Fig. 1. 


E. V. H. Photograph showing marked retraction of the left hemithorax. 


were very faint. An x-ray (fig. 2) made on that day shows retraction of the 
left chest, a thickening of the pleura, a fibrosis of the lung and a shift of the 
mediastinal structures to the left. The roentgenologist suggested that there 
may be emphysematous blebs present in the left upper lobe. 


This patient was presented to our local County Medical Society 
in 1942 as one who had suffered a spontaneous pneumothorax with 
hemorrhage and who recovered on conservative treatment. It is 
true that his life was saved, but he has a completely functionless 
left lung as a result of his hemothorax, and is an excellent example 
of what may occur if a hemothorax is allowed to remain untreated 
or is treated by delayed aspiration and conservative measures. 


The next patient illustrates what happens if a traumatic hemo- 
thorax is treated conservatively and becomes infected. 


H. P., male, aged 19, was admitted to the Asheville Mission Hospital on 
Jan. 27, 1945, having sustained a stab wound in the right chest shortly before 
admission. Physical examination showed a young man in mild shock, who 
presented an incised wound two inches long, just below and lateral to the right 
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nipple. His attending physician immediately sutured the wound under local 
anesthesia, and ligated the intercostal vessel. Five hundred c.c. of air was 
withdrawn from the chest. Within three days he began to run an elevated, 


spiked temperature from 99 degrees F. to 103 degrees F. He showed a mild 


Fig. 2. E. V. H. Roentgenogram 1-30-48 showing the contraction of the left 
: hemithorax, thickened pleura, fibrotic lung, elevated diaphragm and shift of 


the mediastinal structures to the left. oe 


anemia with a leukocytosis. Physical examination and x-ray examination re- 
vealed evidence of a pneumohydrothorax. Repeated aspirations obtained small 
amounts of sanguineous fluid that was not examined bacteriologically. His 
physician felt that he would recover under conservative management, and he 
did not suspect empyema in spite of his septic temperature and leukocytosis. 
He was given sulfadiazine and later penicillin without improvement. 


At the insistence of another medical consultant, I was called in. The patient 
presented the typical picture of empyema on physical and roentgen examina- 
tion. On Feb. 25, 1945, 500 c.c. of pure pus, showing staphylococci, was 
aspirated. On February 27, 300 c.c. of bloody pus was aspirated. On March 
1, 1945, under cyclopropane anesthesia, two inches of the eighth rib in the 
posterior axillary line were resected, and the pleural cavity opened. One small 
and one large rubber tube were inserted into the pleural space; the muscles 
and skin were sutured around the tubes, and the tubes were fixed with a safety 
pin-adhesive dressing. During the next few days a considerable amount of 
blood clots and fibrinous masses were aspirated through the larger tube. His ; 
improvement was rapid, and he was discharged from the hospital on March 25. — 
He was instructed to take breathing exercises, and was allowed to be up and 
about. His lung gradually reexpanded, but there remained a small empyema 
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pocket. On Nov. 16, 1945, a radical thoracotomy with a limited decortication 
on the lung was done. The wound was packed with gauze. The lung re- 
expanded completely, and by Dec. 15, 1945, the wound was completely healed. 


The next patient illustrates what can be accomplished by the 
proper treatment of these patients. 


This 9 year old girl was accidentally shot in the right chest by a .22 rifle 
on Oct. 13, 1946. When first seen by me her systolic pressure was 80, her 
pulse rapid and thready; and she was pale, cold, thirsty, and the skin was moist 
and clammy. There was a wound of entrance in the right first interspace in 
the midclavicular line, and a wound of exit below the inferior angle of the 
scapula. There was moderate subcutaneous emphysema and physical signs of 
fluid in the right hemithorax. 


Fig. 3. T. W. Roentgenogram taken the day after the injury and which shows 
large collection of fluid in the right chest with displacement of the medias- 
tinum to the left. 


ike was given one unit of plasma intravenously, and 250 c.c. of blood was 
aspirated from the right chest and given by transfusion. She reacted from 
shock very soon thereafter, and her blood pressure rose to 102/62. On the 
14th her temperature rose to 101.6 degrees F., and the next day it rose to 103.6 
degrees F. A roentgen examination (fig. 3) revealed a large hemothorax. 
Only 150 c.c. of blood could be aspirated. On the 16th her temperature was 
103 degrees F. and only 100 c.c. of blood could be aspirated. 


Under local anesthesia a catheter was inserted by means of a trocar and 
cannula in the sixth interspace in the midaxillary line. A large amount of 
blood and blood clots were aspirated through the catheter. Then the chest 
was irrigated with a saline solution until it was clear. About 500 c.c. of air 


= 
‘ 
/ 
: 
| 
= 


MOORE: HEMOTHORAX 261 


was instilled through the catheter and the catheter withdrawn. Five hundred 
c.c. of blood was given by transfusion. Her temperature began to subside. On 
Pa de 18 200 c.c. of blood-tinged fluid was aspirated. Her temperature 
dropped to normal. On the 26th fluoroscopic examination revealed the lung 
to be almost completely reexpanded, and she was discharged from the hos- 
pital. Her recovery was rapid and complete. A roentgenogram (fig. +) shows 
the condition of her chest on Jan. 30, 1948. There is no residual disability. 


Fig. +. T. W. Roentgenogram dated Jan. 30, 1948, showing the condition of 
the patient at the present time with no evidence of disability. oe 


Hemothorax may occur from a simple fracture of one or more 
ribs. 


This 36 year old man stumbled and fell backward on a stump Dec. 1, 1946. 
He was told by his physician that he had broken several ribs, but no x-ray was 
made. His chest was strapped with adhesive. He was short of breath, com- 
plained of pain in the chest, and had a daily temperature elevation of 101 ; 
degrees F. to 102 degrees F. On December 15 his chest was aspirated, and - 
one pint of bloody fluid was removed. He was admitted to St. Joseph’s Hos-_ 
pital the following day. 


Physical and x-ray examination revealed evidence of a complete hemothorax 
on the left side (fig. 5). Seventeen hundred c.c. of bloody fluid was aspirated 
and 50,000. units of penicillin instilled into the space, though smear of the 
fluid showed no organisms. An x-ray (fig. 6) showed the lung was partly 
collapsed, and some fluid was still present. On December 24, 300 c.c. of 
fluid and some air were aspirated. Fluoroscopy revealed that the lung had 
not reexpanded. He was told at that time that his lung would not reexpand 
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Fig. 6. Z. P. Roentgenogram, Dec. 20, 1947, after thoracentesis. Notice 


various fluid levels and the partially collapsed lung. 
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and that he should be operated on, but he refused. He was discharged from 
the hospital, and was examined by me at the office. Several aspirations were 
done at weekly intervals, but the lung would not reexpand. 


a Fig. 7. Z. P. Roentgenogram, Jan. 30, 1948, showing completely reexpanded 
> lung with no disability. 


_ The patient was admitted to Biltmore Hospital, and on Feb. 27, 1947, under 
intratracheal anesthesia, a radical thoracotomy was done. A large amount of 
fibrin and fluid was removed and a thick fibrous membrane removed from the 
lung. Immediately the lung completely reexpanded. The chest cavity was 
washed out with saline solution. A large pezzar catheter was inserted in the 
anterior portion of the wound, and the wound was closed tightly in layers. 
One hundred thousand units of penicillin were instilled. During the operation 
he was given a pint of blood by transfusion and one pint after the operation. 
On return to the ward the catheter was connected to a water seal bottle. He 
ran a temperature of 101 degrees F. for three days, after which it subsided. 
On March 8 the lung had completely reexpanded. The tube was removed, 
and on March 10 he was discharged home. A roentgenogram (fig. 7) shows 
the chest as it is on Feb. 1, 1948. He has no residual disability. 


A traumatic hemothorax is very likely to become infected and 
result in a chronic, disabling empyema if treated by the usual, con- 
servative measures. Early decortication of the lung is the most 
rational method of treatment, as illustrated by the following patient. 


W. E. P., aged 28, was admitted to St. Joseph’s Hospital Aug. 16, 1947, 
with a gunshot wound of the left chest caused by accidental discharge of a 


.22 caliber pistol. He was in shock; his pulse rate was 110, and his blood 
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pressure 90/55. There was marked dullness of the left chest with decreased 
breath sounds. The wound of entrance was in the second interspace to the 
right of the sternum. There was no point of exit. X-ray showed the fourth 
rib and the scapula to be fractured and that the bullet lay against the scapula. 
Five hundred c.c. of plasma and 500 c.c. of citrated blood were given, after 
which he reacted from shock. Bloody fluid was aspirated several times, but all 
of it could not be removed because of clots. On the day of admission and 
again on August 27, roentgen examination revealed a pneumohemothorax. He 
continued to have fever, and smears from the aspirated fluid showed Gram- 
negative and Gram-positive bacilli and Gram-positive cocci. Culture of the 
fluid grew staphylococcus aureus, pneumococcus and M. catarrhalis. 


Because of his infected hemothorax, a radical thoracotomy with decortica- 
tion of the lung was done on September 3. The seventh rib was removed ; the 
pleural cavity was opened, and the chest cavity contained bloody fluid and 
clots. The lung would not reexpand as it was bound down by a soft fibrinous 
membrane. This was incised and stripped off the lung easily by finger dissec- 
tion, and the anesthetist was able to reexpand the lung completely. The chest 
was washed out with saline solution. Penicillin was instilled in the chest cavity ; 
a rubber tube drain was inserted in the eighth interspace in the posterior 
axillary line and fixed with a cotton suture. The wound was tightly closed. 
During operation, he was given two pints of citrated blood. On return to the 
ward the tube was connected to a water seal bottle, and suction applied by 
means of a Wangensteen suction apparatus. 


Within two weeks his lung had reexpanded except for a small part at the 
apex. The tube was cut off at the chest wall and converted into open drainage. 
He had several bouts of recurring temperature, which was due to an apical col- 
lection of pus from which colon bacillus was grown on culture. This was con- 
trolled by aspiration, and the instillation of 0.5 Gm. of streptomycin on four 
occasions. He was discharged well and with his lung completely reexpanded 


on Sept. 26, 1947. 


A hemothorax may be the result of a secondary hemorrhage. In- 
juries to the intercostal or the internal mammary arteries are a fre- 


quent source of primary and secondary hemorrhage. _ 


C. A., aged 18, was admitted to St. Joseph’s Hospital on Oct. 18, 1947, | 
having been stabbed in the right chest that day. On admission, there was an 
incised wound in the third interspace on the right side of the sternum with 
no active bleeding. His blood pressure was 118/80. On October 21, 10 c.c. 
of blood was aspirated, and on the 23rd 300 c.c. of blood was aspirated from 
the right pleural cavity. X-rays on the 24th showed partial pneumothorax 
with a small amount of fluid in the right chest. On Nov. 1, 1947, after appar- 
ently doing well for ten days, his temperature became elevated. On the 6th 
his hemoglobin had dropped to 50 per cent, his red blood cells to 2,270,000. 
An x-ray of his chest showed the right chest to be full of fluid. Evidently he 
had developed a large secondary hemorrhage, but very little blood could be 
obtained by aspiration. He was given two pints of blood by transfusion, and 
was referred to me for surgery. 


On November 7, under intratracheal anesthesia, a blood transfusion was 
started, and a radical thoracotomy was done. The right thorax was opened 
by a long, intercostal incision in the sixth interspace. The wound was enlarged 
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with a rib spreader. The pleural cavity was filled with blood clots. At this 
point his blood pressure dropped to 65 systolic, and a second transfusion was 
started. Fresh bleeding was seen coming from the internal mammary artery 
in the third interspace. It was controlled by suturing the vessel in the second 
and in the fourth interspaces and by packing the intercostal wound with Gel- 
foam. There was a considerable amount of fibrinous deposit on the chest wall 
and over the lung, but a well defined and organized membrane had not formed. 
The fibrin was removed manually. The anesthetist was able to reexpand the 
lung. A stab wound was made in the eighth interspace in the posterior axillary 
line, and a large rubber tube was inserted into the chest. It was fixed with a cot- 
ton suture. The intercostal incision was closed with catgut, the muscles with 
catgut and the skin with cotton sutures. “wo more pints of blood were given 
after return to the room. ‘The rubber tube was connected to a Wangensteen 
suction apparatus:and continuous suction applied. The boy did well until 
November 13, when his temperature became elevated to 104 degrees F., and 
his respiration increased to +0 per minute. Physical examination revealed: 
atelectasis of the left lung, and this was confirmed by x-ray. It was relieved by 
bronchoscopic aspiration. It was fortunate that his right lung had reexpanded 
by the time the atelectasis occurred. His temperature gradually subsided, and 
he was discharged on Dec. +, 1947, completely well and has remained so. 


The time at which decortication for hemothorax is done is very 
important. If it is done too soon, the inflammatory changes in the 
lung may prevent rapid reexpansion of the lung. If it is done too 
late, the membrane may be densely adherent to the lung and difficult 
to strip. Burford and his co-workers” state that the optimum time 
is between three and five weeks. 


The following patient, R. P., male, aged +6, was admitted to the Asheville 
Mission Hospital on Nov. 30, 1947, having been shot in the right chest and 
the right leg. On admission, he was in shock; his pulse was barely perceptible, 
and his blood pressure did not register on the Sphygmomanometer. He was 
dyspneic; his skin was cold, moist and ashen gray in color. His lips and finger- 
nails were blue. “There were two wounds of entrance and one of exit. One 
wound of entrance was in the middle of the sternum, and its wound of exit 
was in the axilla. The other was one inch to the right of the sternum in the 
first interspace. The bullet could be palpated underneath the skin over the 
lower chest, and was later removed under local anesthesia. He was given 500 
c.c. of liquid plasma and immediately reacted from shock. He developed fever, 
but his general condition improved. On December 8, 500 c.c. of blood was 
aspirated from the right chest. On December 12 he left the hospital against 
the advice of his physician. He continued to complain of pain in the chest, of 
shortness of breath and of weakness and fever. The leg wound had healed 
though the bullet had not been removed. 


On Dec. 23, 1947, he returned to the hospital and 1100 c.c. of bloody fluid 
was removed, after which he again left against advice. Culture of this fluid 
showed no organisms. 


On Jan: 27, 1948, he was again readmitted, and this time he consented to 
being treated. At this time I first saw him. His right chest was immobile and 
retracted. The right side was flat on percussion, and the breath sounds were 
absent. His temperature ranged from 99 degrees F. to 101 degrees F. His 
leukocyte count was 6,300; hemoglobin 82 per cent, and erythrocytes 4+,- 
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Fig. 8. R. P. Roentgenogram, Jan. 28, 1948, nearly 2 months after the in- 


jury. Note retraction of the ribs and large collections of fluid in right chest. 


P. Roentgenogram 2 days after thoracotomy showing reexpansion 
‘ig 
of the right lung. 


Fig. 9. 
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Fig. 10. R. P. Roentgenogram showing reexpansion of right lung. 


Fig. 11. Microphotograph of fibrous ag lp removed at operation from 


visceral oleura in last atient, R 
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200,000. An x-ray examination (fig. 8) showed a heavy density obscuring the 
right lung field with retraction of the ribs. 


On February 2, a radical thoracotomy with decortication of the lung was 
done under intratracheal cyclopropane and ether anesthesia. During the oper- 
ation 1500 c.c. of citrated blood was given by transfusion. After the removal 
of the sanguineous fluid and fibrinous clots the thick membrane (fig. 11) was 
removed from the lung by blunt dissection. The pleura was thickened. The 
membrane was removed from the diaphragm and the lung entirely freed. The 
parietal peel was not removed as it is not deemed advisable or necessary to 
do so. The upper lobe expanded completely, but the lower lobe and the middle 
lobe did not completely reexpand. ‘The chest cavity was washed out with 
saline solution, and 100,000 units of penicillin were instilled into the pleural 
cavity. Then a small mushroom catheter was inserted through a stab wound 
in the second interspace anteriorly and a large fenestrated rubber tube in the 
ninth interspace in the posterior axillary line. The intercostal wounds were 
closed with catgut, the muscles with catgut and the skin with cotton sutures. 
On return to his room continuous suction was applied to both tubes. Penicillin 
therapy was given parenterally for ten days. His temperature quickly dropped 
to normal. On February 6 an x-ray film (fig. 9) showed the lung to be nearly 
reexpanded, and the anterior catheter was removed. On the 10th, the larger 
tube was removed; but as there was a pleural space that held 60 c.c. of saline 
solution, a small, open rubber tube was inserted and left in place. He was 
allowed to get out of bed and made to practice breathing exercises. He was 
discharged from the hospital on February 19. On March 13, 1948, the sinus 
tract had healed, and the rubber tube was removed. An x-ray (fig. 10) shows 
the lung to be expanded, but there is a thickened pleura and retraction of the 
ribs. He feels well and has returned to work. 


CONCLUSIONS 


. 
~ Hemothorax can no longer be looked upon as a benign condition. 


Early reexpansion of a collapsed lung after penetrating wounds of 
the chest is essential. Blood and air should be removed from the 
pleural cavity as early as possible. If this cannot be done by needle 
aspiration, it can be accomplished through a catheter inserted be- 
tween the ribs. If reexpansion of the lung has not taken place within 
three to five weeks, or if the hemothorax has become infected, rad- 
ical thoracotomy with decortication of the lung is indicated. This 
method of treatment will materially shorten the period of conva- 
lescence and restore the patient’s health. It will also prevent many 
cases of chronic empyema, which is a disabling disease and which 
requires at times a mutilating operation (Schede thoracoplasty) to 
effect a cure. 
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~~ SURGICAL MANAGEMENT OF CANCER OF THE 
= 7 LOWER BOWEL WITHOUT COLOSTOMY | 
Georce D, VAuGHAN, M.D. 


M UCH criticism has been accorded methods to eliminate a colos- 
tomy with concomitant preservation of the sphincter muscu- 
lature in the surgical treatment of lower bowel malignancy. It is 
fortunate indeed that those of experience should challenge the 
rationale of such a technical procedure in the light of our present 
knowledge—that the cure of cancer can be achieved only by early 
diagnosis and radical surgical extirpation. Be it said that medical 
progress would be materially retarded were it not for scientific 
investigation, trial procedures and the attendant constructive criti- 
cisms invoked. A rational approach to the problem invites a rather 
detailed discussion and, in this connection, evidence should be made 
available to effect either proof or disproof of its applicability. Dur- 
ing the past several years our interest has been centered chiefly in 
efforts to evaluate in an unbiased fashion the various procedures 
relevant to the elimination of an abdominal colostomy, and it has 
not been our purpose to recommend arbitrarily their routine em- 
ployment for carcinoma of the lower bowel. 


~ 


Many factors need to be considered prior to the acceptance of 
a tenable technical procedure. Included in this evaluation should . 
be such factors as radicality, the mortality rate incident to resection, 
morbidity, selection of cases, percentage of resectability, ease of 
performance, complications and sequelae immediate and remote, 
the five-year rate of survival based on palliative as well as non- 
palliative resections, including those favorable and unfavorable, 
incidence of local recurrence, sphincter function and sexual im- 
potence. 

In this discussion we are concerned with two procedures: (A) 
Sigmoidectomy or anterior resection, which implies removal of the 
cancerous bowel solely by an abdominal approach with immediate 
establishment of continuity, and (B) Proctosigmoidectomy, which 
denotes removal of the cancerous bowel by an abdominoperineal 
approach. In both (A and B) no colostomy is established and the 
sphincter muscles are preserved. 


Radicality implies extirpation of the cancerous bowel with wide 
removal of the gland-bearing areas. Such is the design of the Miles 
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type of abdominoperineal excision. At times, one cannot help but 
be somewhat amused at the character of the arguments directed 
against primary anastomosis and proctosigmoidectomy when ardent 
proponents of the Miles operation for all cases themselves fail to 
remove widely the levator ani muscles and other gland-bearing 
areas. Only a few months ago, Mr. Naunton Morgan, of London, 
told one of the authors (H.E.B.) that on a recent visit to this coun- 
try, witnessing the performance of the Miles procedure in several of 
our larger cities, he observed utter lack of levator removal as an in- 
tegral part of the operation. All are cognizant of the potentialities 
of the lateral mode of spread, obviously necessitating wide removal 
of the levators. The upper, or superior avenues of spread, namely 
the lower and upper mesocolic gland-bearing areas, are of the utmost 
importance and necessitate wide extirpation. 


(A) Sigmoidectomy for cancerous lesions of the sigmoid proper 
should permit of greater radicality than the exteriorization method 
of Mikulicz, and equal to or slightly better than the Rankin"* modi- 
fication of the Mikulicz procedure. As evidence, we call attention 
to the discussion by Babcock and the recent report of Wangensteen"’ 
which is here appended: 


CARCINOMA OF THE-RECTUM AND LOWER PELVIC COLON: 
RESECTION WITH PRESERVATION OF THE SPHINCTERS | 
( Wangensteen ) 


Cases of local recurrence in the curative group 
No. Per Cent Per Cent of 
Distance in cm. No. Cases of Total Local 
from anus Cases Recurrence Cases Recurrence 
0-5 cm. 30 30 
6-8 cm. incl. 25 40 
14-20 cm. incl. 12 0 : 
Total 63 7 14.0 100  F 


It will be noted that recurrence was encountered only in anastom- 
oses below the level of 14 centimeters. Further, it must be realized 
that in low-lying anastomotic procedures, the levator ani muscles 
cannot be removed through an abdominal approach, which is one 
strong argument against primary resection low in the pelvis for 
rectal cancer. 


(B) Proctosigmoidectomy permits radicality, evidenced as fol- 
lows: (1) Extended removal of a large segment of bowel contain- 
ing cancerous growth. In a group of 146 consecutive cases, the 
average length of the bowel removed by this procedure was 29.6 _ 
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centimeters. This is approximately the same as removed by the 
Miles operation and is in excess of that of other methods, including 
sigmoidectomy. (2) Gland removal: abdominal phase—wide re- 
moval of all node-bearing areas in the region of the internal iliac 
vessels (upper mesocolic), those throughout the mesosigmoid and 
around the superior hemorrhoidal vessels, and those in the sacral 
hollow (lower mesocolic), including the glands of Gerota. In the 
perineal phase, wide removal of the levator ani muscles and ischio- 
rectal fat is accomplished. A point of argument could well be the 
incidence of the inferior or lower mode of spread. Our confreres 
are familiar with the original investigations of Fisher and Wes- 
thues* which stimulated the work of Dukes,* Coller and Kay,* David 
and Gilchrist,*® Grinnell,’ as well as Glover and Waugh,* in this 
respect. It would seem pertinent to mention that in a group of 146 
consecutive cases of patients with rectal cancer, serial sections made 
at 2, 4 and 6 centimeters below the lower margin of the growth 
disclosed but one instance where spread was evident at the 6 cm. 
level,—an incidence of 0.68 per cent, and 2 at 2 centimeters below 
the growth (1.3 per cent). This report was cited by the authors 
elsewhere.’ 


Retrograde Distance 
Total Nodal Below Lesion 
Year Cases Involvement Cm. 
McVay 1922 100 1 0-1 
Wood and Wilkie 1933 10 Oo 0 
Gabriel, Dukes and Bussey 1934 100 2 - 0-1 
Gilchrist and David 1947, 153 
2 
Coller, Kay and MacIntyre 1940 33 
Westhues 1934 74 l 
Grinnell 1942 75 1 = 
Glover and Waugh 1944 100 3 06—ti<“<“<—«~xRRR 
1 
Bacon 1946 146 
6 


(3) The point of ligation averages from 38 to 55 centimeters 
from the anal margin whereas in the perineo-abdominal procedure, 
precisely the Miles method in reverse, the average distance as stated 
by Gabriel’’ is 25 centimeters. 

4) Wider removal of the lateral leaves of the peritoneum is 
Pi since the establishment of a comelete pelvic floor is not. 
essential as shown by 
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Mortality rate: (A) Sigmoidectomy. In our group of 32 cases 
on whom immediate end-to-end anastomosis was made for cancer, 
there were 2 deaths,—a mortality of 6.2 per cent. A perusal of the 
reports now available gives ample evidence of the increasing popu- 
larity of this method and further, that with experience the mortality 
rate may be lowered materially. 


In our files there is a group of 51 patients with polypoid lesions 
of the sigmoid which presented narrow pedicles of sufficient length 
(3 cm. or more) to warrant simple removal through an incision in 
the bowel wall (sigmoidotomy). Serial sections of the stalks were 
made; in 27 instances malignancy was noted. There was one death 
in the malignant group with which we are concerned here, and one 
death in the benign group. Both deaths were due to pulmonary 
embolism—a mortality rate of 3.9 per cent. 


(B) Proctosigmoidectomy: There were 18 deaths in 375 patients 
on whom this procedure was performed for cancer, a mortality rate 
of 4.8 per cent. It may be mentioned that from February 1945, to 
April 1946, we performed 145 consecutive resections without a 
death. However, 2 deaths occurred during the subsequent few 
weeks. 


Morbidity: (A) Sigmoidectomy. The convalescent period in all 
types of resections has been materially diminished during the past 
few years. Where resection and primary anastomosis are employed, 
patients are permitted out of bed on the third or fourth day and 
discharged shortly thereafter. The establishment of a vent orad 
to the anastomosis requires subsequent hospitalization, particularly 
where a colostomy is utilized. In contrast, the Mikulicz exterioriza- 
tion maneuver necessitates two, or even three periods of hospitali- 
zation. 


(B) Proctosigmoidectomy: Ordinarily, patients are permitted 
out of bed on the fourth and discharged on the tenth or eleventh 
postoperative day. Ina recent report of 120 consecutive operations — : 
of this type, the average day “out of bed” was 6.6 days and the 
average discharge 13.4 days.*° 


Selection of Cases: In 1946, we analyzed the records of 185 
of our patients on whom proctosigmoidectomy was performed. 
After the method of David and Gilchrist** 90 in this group were 
classified as favorable, with no question as to resectability; and 95 
in which one or more factors clouded resectability. In a more recent 
report, these factors obscuring resectability in a group of 344 cases 


undergoing proctosigmoidectomy, a are shown in the following table: 
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“FACT ORS WHICH OBSCURED RESECTABILIT Y 


Multiple polyposis + 
Concurrent adenocarcinoma with chronic ulcerative colitis 2 
Concurrent adenocarcinoma with inflammatory (L.V.) stricture 1 
Pregnancy (during gestation) 2 
a (during postparturient period ) 3 


Resectability: In a group of 723 patients, 585 were resected by 
— arious technics as shown in the following table: 


AUTHORS’ SERIES 


No. No. Per Cent 
Type of Resection Cases Deaths Mortality 
(Sigmoidectomy Multiple stage Mikulicz-Rankin 38 3 7.8 
(Sigmoidectomy Single stage—open or closed 32 2 6.2 
(Sigmoidectomy Hartmann 17 I 5.8 
(Abdominoperineal proctosigmoidectomy without 
(colostomy and with preservation of the sphincter 
(musculature 18 4.8 
(Abdominoperineal excision 1 stage Miles S86 3 3.4 
(Abdominoperineal excision 2 stage Lahey 7 l 14.3 
(Colostomy & perineal excision Lockhart- 
(Mummery 26 | 3.8 
(Perineo-abdominal excision Gabriel-Turner 2 0 0 
(Perineal resection Cuneo-Seneque 2 0 0 
29 4.9 


( Proctosigmoidectomy 344 Cases ) 

~ Involvement of small bowel (resection in all) 6 > 

Bladder (partial cystectomy ) 7 7 
_ Uterus and adnexa (removed in all) 10 

Appendectomy 3 

Vagina (wide posterior wall excision in all) 9 

Ureter (partial resection in all) 4 _ 

Cholecystectomy | 

Abdominal parieties (wide excision) Z 

Prostate (partial or complete resection in all) 8 50 

Liver metastasis 39 or 

11.3% 

Age (70 or over) 24 

Adherence to sacrum Fl 3 

_ Transplantation of transverse colon to : anus with resection 5 

Transplantation of colostomy to perineum with resection 10 

Adiposity (extreme) 17 

Diabetes 7 

Asthma 2 

Bronchiectasis 33 

Coronary disease (severe ) 6 

Double malignancy of rectum and sigmoid 14 
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If the estimation is based on the number of patients found to have 
malignancy, namely 723, the resectability rate is 80.1 per cent. How- 
ever, if one accepts the suggestion of Pemberton,*® Babcock,” and 
Jones,” and calculation was made according to the number operated 
upon, then the resectability or surgical rate is 88.8 per cent. 


Ease of Performance: (A) Sigmoidectomy. Under ordinary 
circumstances, this procedure is readily executed, although some 
dificulty may be encountered with anastomoses at a low level, par- 
ticularly in short obese subjects. The accessibility will vary accord- 
ing to the shape and depth of the pelvis. 


(B) Proctosigmoidectomy: The abdominal phase is more easily 
performed and less time-consuming than the corresponding portion 
of the Miles procedure. The point of ligation must be accurately 
made, but it is not difficult, particularly with transillumination.” 
The perineal phase, however, is much more tedious since the dis- 
section of the external and internal sphincter must be precisely made 
and extreme care must be exercised to avoid tearing the bowel. It 
is more time-consuming than the similar portion of the Miles pro- 
cedure. 


Complications and Sequelae: (A) Sigmoidectomy: Leakage at 
the line of suture due to inadequate closure, with resultant contam- 
ination and diminished lumen with subsequent obstruction resulting 
from wide inclusion of the edges of the bowel, should be mentioned. 
There is more or less common agreement that with present day 
chemotherapeutic and antibiotic measures, open anastomosis is to 
be preferred. (B) Proctosigmoidectomy: Complications infre- 
quently encountered are: Sloughing of the transplanted bowel with 
abnormal retraction, presacral infection resulting in anal stenosis 
(contraction) from the deposition of fibrous tissue, sphincter incon- 
tinence accruing from total or partial excision, division or inaccu- 
rate dissection of the internal and three bundles of the external 
sphincter muscle, “‘wet anus” from inadvertent removal of the anal 
canal, obstruction from loops of small bowel descending into the 
presacral space, and prolapse of the sigmoid mucosa. This subject 
has been discussed in detail elsewhere.” 


Vesical Dysfunction: (A) Sigmoidectomy. Except in extremely 
low anastomoses, the occurrence of the vesicle dysfunction is prac- 
tically nil. 

(B) Proctosigmoidectomy: As we have reported previously,* 
this procedure carried with it an incidence that appears to be no 
greater nor less than with the Miles operation. r 


Sexual Impotence in the Male: (A) Sigmoidectomy: Following 
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this procedure the status of sexual function should be similar to 

that obtaining prior to operation; at least this has been our experi- 

ence. (B) Proctosigmoidectomy: There does occur minimal im- 

pairment of function, which we computed as 8.3 per cent in our 

cases."* This is in contrast to the incidence of impotence after the 

Miles type of excision, which was reported by Jones” as being 95 
cent. 


Sphincter Function: (A) Sigmoidectomy. There should be no 
impairment of sphincter function, since neither the innervation to 
the sphincter musculature nor the muscles themselves are involved 
in the anastomosis. 


(B) Proctosigmoidectomy: Here, the resultant sphincter muscle 
contracture is normal, but function is not immediately restored. 
Apparently the accumulation of fecal material as a result of the 
normal diet provides distention of the new “ampullary sigmoid” 
_ resulting in an “urge to stool.” Patients will ordinarily experience 
a. sufficient period, such as a half-hour, to evacuate the bowel but 
not usually with the same leisurely attitude as occurs under per- 
 fectly normal circumstances. 

Rate of Survival: Statistics of themselves are always more or 
less confusing, especially since no universal plan of estimate is fol- 
Bess to report cancer patients on the basis of five-year cure. As 


we have repeatedly stated, the selection of patients for resection, 
_ the resectability or surgical rate and whether based on the number 
found to have carcinoma, or on the number operated upon, bears 
influence. Similarly, the percentage of five-year survival is not nec- 
_ essarily synonymous with those living and well at the expiration of 
five years. By the same token, resection performed for cure (in- 
cluding the favorable as well as the unfavorable cases) gives a 
higher rate than where cases resected for palliation are included. 


(A) Sigmoidectomy: Unfortunately, none of our patients on 
whom this procedure was employed have reached the five-year mark, 
although a representative group has been reported by Dixon.” 


Five-year Survival Rates 


No. Cases Five-year Survival 
: > All levels 272 67.7 Per Cent 


~Proctosigmoidectomy: Seventy-six patients on whom this 
type of resection was performed have passed the five-year period 
and includes those for palliation as well as cure. The computed 
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five-year survival rate is 52.6 per cent. Twenty of this number cor- 
responded to a classification of mural penetration (Duke’s classifi- 
cation), the five-year cure rate being 93.3 per cent. 


Local Recurrence: For practical evaluation, the incidence of local 
recurrence should be based on those cases in which resection was 
performed more than five years ago. (A) Sigmoidectomy: Unfor- 
tunately, no reported statistics are available for a five-year period, 
although Wangensteen”’ has cited his incidence of local recurrence 
as previously mentioned. To our knowledge, there has been no 
recurrence in our 32 patients on whom primary anastomosis was 
performed, although all are under the five-year period. 


(B) Proctosigmoidectomy: In the group of 375 resections per- 
formed by this, method 76 of which were done five years or more 
ago, there were 12 instances of local recurrence, an incidence of 
17.9 per cent. (Patients resected for cure, both favorable and un- 
favorable included; those for palliation, liver metastases were ex- 
cluded. ) 


Only a few reports on recurrence are available, but are arranged 
for comparison in the accompanying chart: 

In a brief fashion, effort has been made to evaluate the surgical 
management of lower bowel malignancy and to compare, with our 
limited knowledge at hand, the methods whereby an abdominal 
colostomy is avoided with those wherein an artificial stoma is re- 
quired. It is our belief that in a large majority of instances the per- 
formance of a colostomy is not essential, either for survival of life 


or for function. 
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THE TREATMENT OF SOME COMMON RECTAL 
CONDITIONS 


James F. Ropertson, M.D. 
Cuartes P.GranamM, M.D. 
Wilmington, N. C. 


E HAVE taken from our records the case histories of some 

3500 patients whose presenting symptom has been some com- 
plaint referred to the rectum or lower bowel. They have been tab- 
ulated and it will be shown how they have been dealt with in an 
average general surgeon’s practice. Early in our medical career we 
found that much could be learned by making routine rectal exam- 
inations and that, when we failed to make such examinations, we 
sometimes overlooked conditions which were obvious to oné who 
would look for them. 


Hemorrhoids Lymphogranuloma 
Fissure Prolapse 
Fistula Pilonidal Sinus 
Cryptitis Foreign Body 
Pruritus Impaction 
Polyp 
Abscess 
Colitis Verruca 
Mycosis Agranulocytosis 
ycosis 
Proctitis 2 Tuberculous Ulceration 
Carcinoma Gumma 
Dysentery Abrasion 
Stric Imperf ; 
tricture rforate Anus 
Ulcer Papilloma 


In a these conditions, let us first refresh our me mory on 
the embryology and anatomy of these parts, for they bear an im- 
portant relation to the type of symptoms and pathology encoun- 
tered. The right half of the large intestine develops with the small 
bowel. Its function is absorption and its content is liquid and its 
caliber large. The left half of the large intestine develops with the 
rectum. It is small in caliber and has more solid content and little 
absorptive power. The primitive alimentary tube divides itself into 
three portions: 
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ee 1. The fore-gut with blood supply from the celiac axis. 


2. The mid-gut which develops into the portion having to do with 
absorption and extends from the common duct to the middle of the 
transverse colon. It is supplied by the superior mesenteric artery 
and sympathetic nerves, and 


3. The hind-gut which is the anlage of the left half of the colon 
down to the pectinate line. It is supplied by the inferior mesenteric 
artery and sympathetic nerves. 


Fig. 2. Cross section of embryo. 


The anal canal is lined with a modified skin and supplied by sen- 
sory nerves and the inferior hemorrhoidal artery. The same rela- 
tion is true of the lymphatics: those of the anal canal up to the pec- 
tinate line drain into the inguinal and subinguinal glands while the 
ones from the rectum drain into the glands in front of the sacrum 
and up to the mesenteric gland. 


Turning now to the tabulation, we would group the first three of 
these conditions together because, in so many cases, their etiology is 
identical in that they arise from an infection in the crypts at the 
pectinate line. This infection may invade the veins of the rectum 
producing a phlebitis and causing them to become enlarged, tor- 
‘ tuous, and elongated, and to show themselves as internal hemor- 

rhoids. The infection may invade the tissues of the anal canal or 

ischiorectal space, resulting in fissures or ischivrectal abscess and 

fistulas. It is important then to remember this point and deal with 
7 a the infected crypts when any one of these three conditions is being 
treated. 


Not all of the hemorrhoids should be operated on. The painless 
internal hemorrhoids, which bleed and protrude with bowel move- 
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ments and are uncomplicated, can be relieved by the injection of 
sclerosing fluid without loss of time to the patient and practically 
no pain. The fissures, unless very superficial, should be excised 
along with the adjacent crypt and, at the same time, the fibers of 


the external sphincter severed. If recent and superficial and uncom- 
plicated, they can sometimes be relieved by the injection of an anes- 
thetic fluid such as nupercaine in oil into the sphincter muscle to 
relax it. This relieves the pain and then the underlying infection 
and cryptitis can be treated. 


The ischiorectal abscesses should be evacuated and, in most cases, 
the tract leading from the crypt, as well as the crypt itself, can be 
extirpated at the same time thus eliminating a later operation for 
excision of a fistula. 

Carcinoma: In a series of 2000 cases of malignancies of the large 
intestine reported from the Mayo Clinic, 33.5 per cent, or 672 of 
the lesions were within reach of the examining finger. The average 
duration of symptoms of those within reach of the examining finger 
was from 8 to 12 months, and yet 65 per cent of them were still 
operable. 
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Stricture sa the anus usually means that an operation for — 
rhoids has been done previously and too much tissue removed, o 
that severe infection followed the operation. Stricture of the aS 
usually means that a granulomalous lesion has preceded. 


Prolapse of the rectum in children can be easily and, in a large 
majority of cases, certainly relieved by the injection of sclerosing 
fluid after reduction under anesthesia. 


Lymphogranuloma is not a common rectal condition but is one 

fraught with serious possibilities. If allowed to run its course, it pro- 
duces extensive damage, often resulting in fistulas and usually ter- 
minating in dense stricture. In the early stages when the mucous 


Fig. +. Method of injecting sphincter muscle with anesthetic solution. 


membrane is edematous, granular, and bleed readily, it may easily 
bulge into the anoscope and, to the unwary, resemble internal hem- 
orrhoids. If the examining surgeon elects to operate on it, he will 
be credited with causing the stricture which will eventually result 
whether an operation is done or not. 


After using many technics for the relief of pilonidal sinus, we 
are convinced that the most satisfactory operation for the usual 
case is marsupialization. The cystic cavity is laid wide open and the 
edges trimmed off so as to expose all the recesses, and the edge of 
the modified epithelial lining of the sac is sutured to the skin all 
the way around. 


We have been surprised at the number of polyps occurring in 
infants and young children. Usually the only symptom is the pass- 
age of blood in the stool. One is often unsuccessful in visualizing 
these polyps for the reason that, in the inverted position, the polyps 
which usually have a long pedicle gravitate up the sigmoid beyond 
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- the seach of the sigmoidoscope. The polyps will sometimes pro- 
pk from the anus when the child is in the sitting position at stool, 
: and if the mother is asked to look for them at each stool and to have 
ready a string or tape which can be looped over the polyp, it can 


then be pulled into view and dealt with through a sigmoidoscope 
later. 


In adults, the polyps are often multiple and involve large por- 
tions of the colon and there is frequently a history of polyps in a 
parent. These require colectomy with ileosigmoidostomy after re- 
moving by fulguration those in the rectum and lower sigmoid. 
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WHEN A DOCTOR COMPLETES HIS MEDICAL 
EDUCATION HE SHOULD RETIRE 


During the past quarter century medical education has made its 
most rapid advancement. Also during this same period of time 
postgraduate study has received more and more emphasis, both by 
medical educators and the medical profession. No longer are pro- 
gressive doctors content to treat the sick as they were taught even 
ten years ago. They recognize the fact that medical science is a 
progressive science and that they are yet students. 


Twelve years ago The Southeastern Surgical Congress was or- 
ganized and dedicated to the task of providing the surgeons of 
the Southeast an opportunity to engage in postgraduate study. 
Three objectives were sought by the founders of this Congress: 

1. To cooperate with medical schools and other medical and surgical organi- 
zations and hospitals. 

2. To provide for those who wish to keep abreast of surgical progress an 
opportunity to attend and participate in postgraduate lecture courses, here in 
the Southeast. 


3. To offer to those surgeons who are sufficiently ambitious an opportunity 
to be placed on the programs; to encourage them to write papers; =a to pub- 
lish their contributions. 
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of these objections have been assiduously emphasized year 
after year. The surgical leaders of the country readily grasped the 
significance of this undertaking and have contributed their time and 
energy freely. The lecture courses have been more successful than 
even the founders of the Congress anticipated. 


Places on the programs have been assigned to those members of 
the Congress who have been sufficiently ambitious to impress the 
program committee with their sincerity in doing a good job and 
their ability to do it. An equal number of guest speakers are selected 
from the different sections of the country, thus concentrating the 
very latest in surgery from this territory and the rest of the country 
into a three day postgraduate lecture course. 

Many surgeons in the Southeast have made valuable contribu- 
tions to surgery. They have recorded their work and thus made 
richer the surgical literature. 

Through the annual postgraduate assemblies and state clinical 
conferences, this section of the country has been recognized as a 
pioneer section in postgraduate surgical study. 

“We must continue to go to school if we would nourish our 
education” 


BEASLEY, M. D. 


aa The above editorial was published in the Southern Surgeon March, 1941. 
It was decided to reprint the editorial in this issue of the Journal. 


Recently surgeons of the Southwest have organized the Southwestern Sur- 
gical Congress which is dedicated to the same objectives which were sought by 
the founders of The Southeastern Surgical Congress. It is interesting to note 
that during this month, April, The Southwestern Surgical Congress is com- 
pleting its organization and that the Managing Editor of the Southern Sur- 
geon has been invited to participate in the formation of this companion asso- 
ciation to The Southeastern Surgical Congress. 


It is also interesting to note that just nineteen years ago this month The 
Southeastern Surgical Congress completed its organization. 
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The Southern Surgeon, the second regional journal devoted 
to a specialty in the United States, is published by The South- 
ern Surgeon Publishing Company, a subsidiary of The South- 
eastern Surgical Congress, for the advancement of surgery 
particularly in the South. In addition to publishing papers 
presented before the Postgraduate Surgical Assembly of The 
Southeastern Surgical Congress, it welcomes good surgical 
papers regardless of their geographic origin. It aspires to en- 
courage surgeons in the Southern States, especially the younger 
ones, to record their own observations and original work. 


Manuscripts for publication, books for review, and corre- 
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